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PREFACE 


This book is one of a series of Navy Tratnine Courses 
written especially for Aviation Ordnancemen. In conjunc- 
tion with Aviation Ordnanceman 3 and 2, Volume 2, it is 
based on the qualifications for the rates of Aviation Ord- 


-nanceman, Third Class, and Aviation Ordnanceman, Second 


Class, as stated in the Manual of Qualifications for Advance- 


_ment in Rating, NavPers 18068 (Revised). These qualifica- 


* tions-may be found in appendix II of this book. 


RS 


The first chapter provides general information concerning 


. aviation ordnance, including sections on publications and 


ordnance supply. Subsequent chapters take up explosives; 


_ Inunitions, including bombs, mines, rockets, and pyrotech- 


nics; and gun ammunition. In conclusion, there is a chap- 


. ter on aviation munitions handling equipment. 
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Volume 2 begins with a chapter on small arms, followed by 
the caliber .50 machine gun, and a chapter on 20-mm guns. 
Also included are chapters on turrets, tow target equipment, 
release equipment, and gun cameras. 

As one of the Navy Trarntne Courses, this book was pre- 
pared jointly by the U. S. Navy Training Publications Cen- 
ter, Memphis, Tenn., and the Training Division of the Bu- 
reau of Naval Personnel. 
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USAFI TEXTS 


United States Armed Forces Institute (USAFI) courses for 
additional reading and study are available through your In- 
formation and Education Officer.* A partial list of those 
courses applicable to your rate follows: 


Number 


Title 


Correspondence 


CA 781 
CA 835 
CB 290 
CB 275 


Fundamentals of Electricity 
Machine Shop I 

Physics I 

General Science 


Self-Teaching 


MA 781 
MA 835 
MB 290 
MB 275 


Fundamentals of Electricity 
Machine Shop I 

Physics I 

General Science 


*“Members of the United States Armed Forces Reserve com- 
ponents, when on active duty, are eligible to enroll for USAFI 
courses, services, and materials if the orders calling them to 
active duty specify a period of 120 days or more or if they have 
been on active duty for a period of 120 days or more, regardless 
of the time specified in the active duty orders.” 
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Strikers for the AO and AOU rating will be required to 
read all chapters of this book. Strikers for the AOT rating 
may omit chapter 4 since it contains materials not included 
in their required qualifications. 
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CHAPTER 


INTRODUCTION TO AVIATION ORDNANCE 


Many men engaged in a great number of specialized fields 
are needed to maintain the Navy’s air arm in a condition 
of constant military readiness. All these specialists are 
mutually dependent, and each contributes his part to the 
efficient operation of the entire organization. 

The Aviation Ordnanceman plays a major role as a mem- 
ber of this organization. A good Aviation Ordnanceman is 
an expert on ordnance and armament equipment used by 
naval aircraft. 

Aviation ordnance and armament equipment includes all 
the offensive and defensive weapons and munitions used 
on aircraft. This also includes such equipment as fire con- 
trol and sighting systems, together with auxiliary devices 
for handling, maintaining, carrying, and firing (or releas- 
ing) airborne munitions from naval aircraft. 

Airborne munitions encompasses all items of explosive 
ordnance and fuzes; included are machine gun ammunition, 
rockets, torpedoes, aircraft mines, guided missiles carried 
on aircraft, and other types of missiles which may be released 
by aircraft equipment. 

Auxiliary equipment includes pyrotechnic and smoke- 
tank equipment, together with training and target materials 
for gunnery, bombing, and other combat activities. Also in- 
cluded are the maintenance items used with the above mate- 
rial, and equipment for handling and loading ordnance at 
shore bases, on carriers, and in aircraft. 

Airborne ordnance and armament equipment are the ma- 
terials which convert aircraft from work vehicles into com- 


bat weapons. The items come in wide variety, keeping pace 
with the expanding uses and capabilities of naval aircraft. 
They are constantly changing. As an Aviation Ordnance- 
man, you will have to keep up-to-date on these changes by 
studying the latest ordnance publications and by closely 
observing the work of experienced and competent ordnance- 
men. 

Aviation Ordnancemen are experts on guns ranging from 
the smallest caliber training pistols to the 20-mm aircraft 
- gun. You will work with guns, sights, bomb directors, fire 
control equipment, launchers and releasing equipment, and 
understand the technique of boresighting. Ordnancemen 
are trained to keep aircraft munitions ready for action at 
a moment’s notice. 

Aviation Ordnancemen take bombs from magazines, fuze 
them, and load them on aircraft. An aircraft is a flying plat- 
form for guns, bombs, rockets, and anything else you desire 
to shoot or drop from it. It is of no value unless the weapons 
work when needed. Pilots and aircrewmen risk their lives 
getting into the right spot to drop bombs or fire their guns. 
If assigned to a patrol squadron, you may be one of the 
aircrewmen serving as a gunner and general troubleshooter 
for the armament equipment. 

Aviation Ordnancemen make sure that planes are loaded 
properly, that the ordnance gear operates properly, and 
that every naval aircraft is loaded with destruction whenever 
a plane takes off for a raid. With the skill of technicians, 
ordnancemen perform the duties that make aviation ord- 
nance pay off. 


ORDNANCE ORGANIZATION 


The specific duties of Aviation Ordnancemen depend to 
a great extent upon the type of organization to which they 
are attached. As an Aviation Ordnanceman you may be 
attached to an operating squadron, a service squadron, the 
ordnance division of an-air station, or the ordnance unit of 
an aircraft carrier or seaplane tender. 
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- Squadron 

The aircraft squadron is the standard operating unit in 
naval aviation. A squadron is composed of a number of 
assigned aircraft (the total number depending on the mis- 
sion of the squadron) together with the necessary personnel 
for their operation, maintenance, and minor repairs. 

A group of squadrons, comprising both fighter and attack, 
intended to operate as a unit aboard a carrier, is known as 
a Carrier Air Group (CAG). <A group of patrol squadrons 
under one tactical commander is known as a Fleet Air Wing 
(FAW). ; 

The senior naval aviator of a squadron is the Command- 
ing Officer, being followed in rank by the Executive Officer. 
The squadron is usually organized into the following de- 
partments: : 

Administration 

Operations 

Maintenance 

Material 

Gunnery (or Ordnance) 

Since the Aviation Ordnanceman is concerned primarily 
with duty in the gunnery or ordnance department, some of 
the major duties of the gunnery or ordnance officer are 
listed here: 

Preparation of required reports. 

Preparation and supervision of squadron rearming bill. 

Supervision of gunnery training. 

Promulgation of safety precautions. 

Proper stowage, maintenance, distribution and account- 
ability of ordnance material and classified matter in his 
custody. 

Procurement of necessary items of ordnance material, 
equipment, and ammunition. 

Supervision of instructing personnel in chemical warfare. 

The ordnance officer is assisted in these duties by one or 
more assistants. 

The squadron ordnancemen are responsible, under ‘the 
leading Chief Ordnanceman, for the loading and unloading 
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of all munitions, routine maintenance and minor repair of 
all squadron ordnance and armament equipment, and such 
other duties as may be assigned by the ordnance or gunnery 
officer. In most patrol squadrons each flight crew will in- 
clude one or two ordnancemen who serve as gunners and 
troubleshooters for the ordnance and armament equipment 
on their plane. 
FASRon 


A FASRon (Fleet Aircraft Service Squadron) is a shore- 
based commissioned unit designed to support a group of fleet 
squadrons. The FASRon acts as a coordinating agency 
between the shore facility and the fleet aircraft units in all 
logistic requirements except berthing and messing. 

FASRons are of two types, carrier and patrol. They are 
numbered as follows: 1-100, carrier; and 101-200, patrol 
type. A FASRon is usually organized into departments 
as follows: 

Administration 

Operations 

Maintenance 

Supply 

Medical—Dental 

FASRon ordnance is a division of the maintenance depart- 
ment. Listed below are the duties of the FASRon ordnance 
officer : 

Supervision of all work under FASRon cognizance in the 
maintenance of ordnance equipment. 

Supervision of the incorporation of ordnance changes, 
modifications, and inspections in accordance with current 
technical instructions. 

Maintenance of adequate records to aid in preparing re- 
ports and provide information required by the maintenance 
officer. 

Inspection and maintenance of ready magazines and their 
assignment to supported units. Posting, and insuring com- 
pliance with, pertinent safety precautions for the stowage 
and handling of ammunition and pyrotechnics in ready 
magazines. 


Coordination of squadron ammunition requisitioning and 
liaison between supported aviation units and the shore activ- 
ity in the procurement of munitions, including the return of 
unexpended munitions to designated stowage. 

Maintenance and supervision of shops required for the 
work for which he is responsible. 

FASRon ordnancemen generally are not required to do the 
routine maintenance and rearming, which are the duties of 
the supported squadrons’ ordnancemen. However, the in- 
corporation of all ordnance changes and modifications to 
squadron aircraft are among the responsibilities of FASRon 
ordnancemen. In addition, they perform all ordnance work 
requiring shop tools and services beyond the capabilities of 
the Fleet aircraft squadrons. The FASRon ordnance di- 
vision usually includes rated minemen and special weapons 
personnel and the facilities for testing and maintaining these 
weapons. 

Naval Air Station 


The ordnance division of a naval air station is part of the 
station’s operations department and its aviation ordnance 
activities are usually extensive and varied. Listed below are 
the usual aviation ordnance responsibilities : 

Magazine area. 

Ammunition and ready-service stowages. 

Torpedo overhaul shop. 

Small arms firing ranges. 

Armory (with training and security weapons). 

Ordnance training facilities. 

In addition, if the station is a carrier port facility, ammu- 
nition loading from the air station magazines may also be an 
aviation ordnance function. 

Many air stations have an Overhaul and Repair Shop. 
These shops have aviation ordnance and armament repair 
sections where Aviation Ordnancemen perform overhaul 
and major repair work on all types of aviation ordnance 
equipment. 
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Aircraft Carriers and Seaplane Tenders 


Aircraft carriers and seaplane tenders are organized into 
the following deparenense: 

Operations 

Navigation 

Gunnery (or Deck) 

Engineering 

Supply 

Medical 

Dental 

Air 

The air department is divided into divisions, one of which 
is the aircraft maintenance divison. Aboard the typical 
carrier or tender, the aviation ordnance unit is part of the 
aircraft maintenance division, although aboard some ships 
aviation ordnance is a separate division. 

The aviation ordnance unit, or division, aboard a carrier 
has a wartime complement of two or more officers and 60 or 
more ordnance rates and strikers (depending on the size of 
the carrier). The material with which these men work may 
come from any one or more of some 40 compartments and 
spaces on many decks. Some of these ordnance locations 
are listed below: 

Armories. 

Ready-service machine gun ammunition magazines. 

Ready-service fuze lockers. 

Machine gun cleaning rooms. 

Aircraft torpedo workshop and stowage. 

Torpedo, bomb, and ammunition handling equipment 
stowage. 

Bomb elevators. 

Stowage for inert ordnance components. 

Aboard carriers and tenders, the magazines for aircraft 
munitions are also the responsibility of the ship’s Aviation 
Ordnancemen, under the cognizance of the ship’s gunnery 
officer. 

Generally, the aviation ordnance unit or division afloat 
provides the same services to embarked squadrons as does the 
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FASRon ashore. This includes breaking out, assembling, 
and delivering munitions to the squadron obdasicames on 
the hangar or flight decks (or into rearming boats of tend- 
ers) ; incorporating required changes and modifications to 
squadron ordnance and armament equipment; and perform- 
ing work involving shop tools and services. In addition, 
machine gun ammunition is belted as required and assigned 
equipment and spaces are maintained. 


General Organization 


In all the units listed above—squadron, FASRon, station, 
and ship—the ordnance division or unit will be headed by an 
officer, usually an aviation ordnance specialist (except in 
streamlined squadrons). This officer generally has one or 
more assistants, the number varying with the size of the 
unit. In charge of the enlisted ordnance complement is the 
leading Chief Aviation Ordnanceman. Organization varies 
widely, according to the type of duties performed. There 
may be rearming crews, armory crews for maintenance work, 
munitions-assembly details, and the like. There will almost 
always be a rated ordnanceman in charge of each crew, who 
is responsible to the leading chief for his crew and its work. 

In small units with only a few men, there may be no such 
crews; in this case the leading chief assigns daily work de- 
tails individually instead of by crews. 


SAFETY PRECAUTIONS 


Regardless of the type of organization to which you may 
be assigned, or the type of work which you may perform, 
safety precautions are of major importance in aviation 
ordnance. 

The Bureau of Ordnance exercises general supervision 
over the safety of ordnance material and equipment and 
prescribes general and certain special regulations to be ap- 
plied in all ordnance work. These regulations are set forth 
in the Bureau of Ordnance Manual and various other BuOrd 
publications which are discussed later in this chapter. 
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It must be borne in mind in studying and carrying out 
safety precautions that in the main they are derived from 
costly experience, and that the most serious casualties on 
record have resulted from negligence or violation of safety 
regulations then in effect. As an Aviation Ordnanceman 
striker or petty officer you must understand and comply with 
every safety precaution relating to the equipment and ma- 
terial with which you work. No relaxation of vigilance with 
respect to carrying out these regulations and instructions is 
ever permitted. 

In the various chapters of this book you will find listings 
of safety precautions relating to specific types of munitions 
and equipment. These safety precautions have been taken 
from the Bureau of Ordnance Manual and other BuOrd pub- 
lications, but are not to be considered as complete, and are 
subject to change by proper authority. Keep up-to-date on 
your safety regulations; make safety a habit, and you will 
enjoy a long and successful career as an Aviation Ord- 
nanceman. 

ADMINISTRATION 


Cognizance of aviation ordnance and armament equipment 
is divided between the Bureau of Ordnance (BuOrd) and the 
Bureau of Aeronautics (BuAer). The respective Bureaus 
procure and pay for all items under their respective cog- 
nizance. In practice, the materials under the cognizance of 
BuOrd are called aviation orpDNANCE equipment; those under 
BuAer, aviation ARMAMENT equipment. 

The Bureau of Ordnance has cognizance over aircraft guns, 
including those accessories which are built into the guns or 
which directly and continuously affect their operation or 
safety. This includes gun mounts and adapters, feed mech- 
anisms, electric trigger controls, and auxiliary devices such 
as link loading and belting machines. 

Other important classes of material and equipment under 
BuOrd are: 

Aircraft sights, sighting systems, and fire control systems. 

Munitions and fuzes for aircraft use, including machine 
gun and bomb-type munitions; torpedoes; mines; pyro- 


technic and chemical munitions: rockets and rocket-type 
ammunition; small arms and ammunition used on carriers 
and at advanced bases. 

Guided missiles. 

Maintenance equipment for ordnance items. 

Training materials. i 

Mobile ordnance equipment for handling munitions to and 
from aircraft on aircraft carriers and at shore bases. 

The Bureau of Aeronautics has cognizance over all items 
installed in the aircraft by the aircraft manufacturer. This 
equipment is classified as armament equipment and includes 
the following: 

Aircraft gun accessories (except those specified as under 
BuOrd); gun chargers; trigger switches and gun-firing 
solenoids; gun heaters; and ammunition boosters, boxes, and 
chutes. 

Rocket launchers. 

Aircraft equipment used to suspend and to release bombs, 
aircraft torpedoes, mines, depth bombs, and similar muni- 
tions, 

PUBLICATIONS 


General 


Technical publications issued by the various bureaus of 
the Navy Department are sources of important information 
for every man in the Navy. Publications by the Bureau of 
Ordnance. Bureau of Aeronautics, and Bureau of Naval 
Personnel concern Aviation Ordnancemen. The most im- 
portant publications from these sources with which the 
Aviation Ordnanceman striker and petty officer should be 
familiar are discussed in this section. 


Bureau of Ordnance Publications 


The Bureau of Ordnance Manual contains a chapter by 
chapter treatment of each type of ordnance equipment and 
material, including a general basic description of the item 
together with general basic operating and maintenance in- 
formation. This manual is commonly referred to as the 


9 


“Ordnanceman’s Bible,” and is issued as a supplement for 


the amplification of Vavy Regulations. 

Chapters 10 and 14 of the Bureau of Ordnance Manual 
contain the most pertinent information as far as the Avia- 
tion Ordnanceman is concerned. These chapters are titled 
“Aviation Ordnance Equipment” and “Handling and Stor- 
age of Ammunition and Explosives.” 

The Bureau of Ordnance Manual, like all Bureau of Ord- 
nance publications, is kept up-to-date by revisions issued 
by the Bureau in the form of NavOrd Instructions. 

The Index of Ordnance Publications is a listing of all 
types of unclassified and confidential ordnance publications 
stocked for issue by the Bureau of Ordnance. 

Part 1 of the 7ndex comprises a NUMERICAL LISTING of all 
current publications and includes the following informa- 
tion concerning each publication: Type of publication, date 
of issue, security classification of material, and other perti- 
nent information listed in the “remarks” column. 

Part 1A is a listing by number and type of publication of 
all obsolete, canceled, and superseded publications. 

Part 2, called the Subject Index is an alphabetical listing 
of all publications by subject. 

The Jnder of Ordnance Publications is listed as Ordnance 
Pamphlet 0. 

Ordnance Pamphlets (OP’s) are used by ordnancemen 
more than any other type of publication issued by the Bu- 
reau of Ordnance. The OP is a basic publication which may 
be issued on a sPEcIFic rem of ordnance equipment, or on a 
specified sussecr pertaining to ordnance. When issued for 
a specific item of ordnance equipment, complete information 
on the operation, maintenance, repair, and detailed descrip- 
tions will be supplied. When complete information is de- 
sired about either a piece of ordnance equipment or a specific 
subject concerned with ordnance, the OP is the place to find 
that information. OP’s are issued in numerical sequence re- 
gardless of subject or year of issue. OP 1866—20-mm Air- 
craft Gun Mk 12 Mod 0—is an example of an OP issued on 
a specific item of ordnance equipment. OP 1118—Jnstruc- 


tions for Installation of U. S. Navy Mines in U. 8. Naval 
Aircraft—is an example of an OP issued on a specific subject. 

All currently effective OP’s are listed in numerical order 
in Part 1 of OP 0—IJndex of Ordnance Publications—and 
alphabetically by subject in Part 2 of the Zndea. 

NavOrd Directives. The Bureau of Ordnance issues two 
types of directives—NavOrd Instructions and NavOrd No- 
tices. NavOrd Instructions and Notices have replaced other 
directive-type publications—OCL’s, OTI’s, OHI’s, and 
OMI’s—which have been issued in the past. 

NavOrd Instructions are directives which contain informa- 
tion of a continuing nature. Instructions are numbered ac- 
cording to SUBJECT CLASSIFICATION AND ORDER OF ISSUANCE. 
The subject classification numbers for aviation ordnance are 
as follows: 

8600-8799 AVIATION ORDNANCE 

8600 General 

8610 Fire Control 

8620 Radar 

8630 Ammunition 

8640 Pyrotechnics 

8650 Rockets: 

8660 Bombs and Bombsights 

8670 Depth Bombs ; 

8680 Torpedoes 

8690 Mines 

8700 Fuzes 

8710 Guns and Mounts 

CoNSECUTIVE NUMBERS are assigned to Instructions in the 
order of issuance within each numbered subject group. A 
decimal point is placed after the subject number and fol- 
lowed by the consecutive number. Example: The subject 
number for pyrotechnics is 8640. The Bureau of Ordnance 
would assign numbers to the first, second, and third Instruc- 
tions issued on pyrotechnics as follows: 8640.1, 8640.2, and 
8640.3. 

All operating activities will file Instructions in numerical 
order. of subject classification numbers. Since all Instruc- 


tions do not receive the same distribution, there will be gaps 
in the numbers of Instructions received by individual ships 
and stations. Check lists of all Instructions currently in 
effect are issued by the Bureau quarterly. 

NavOrd Notices are directives of a one-time nature, or 
which require action to be completed immediately. Notices 
are numbered by subject classification only and ordinarily 
are not filed in a permanent file by receiving activities. 


Bureau of Aeronautics Publications 


Naval Aeronautic Publications Index (NavAer 00-500) is 
issued annually, listing all publications of the various bu- 
reaus and offices of the Navy Department which are of in- 
terest to naval aviation activities, 

Each annual issue is kept up-to-date by cumulative supple- 
ments issued periodically. These supplements list publica- 
tions issued, revised, or reissued since issuance of the current 
basic Index. 

Corrections, changes, notes, and other information of mis- 
cellaneous or special nature which are not otherwise provided 
for in the Index or its supplements are listed on a page titled 
“The Index Bulletin,” at the beginning of the supplement. 

Instructions for using the Index are found on pages one 
and two. 

Maintenance Manuals are issued for each specific model 
or series of models of service aircraft and contain useful in- 
formation for all maintenance personnel. The sections on 
“General Maintenance” and “Useful or Military Load” con- 
cern the Aviation Ordnanceman. Included in the section on 
“General Maintenance” are instructions for the maintenance, 
removal, installation, and repair of all the armament equip- 
ment. Also included in this section is the procedure for 
boresighting the guns and sights. The section on “Useful 
or Military Load” gives complete loading instructions for 
all types of explosives to be carried by the aircraft. 

Flight Handbooks are issued in the same manner as the 
Maintenance Manuals. This handbook is intended prima- 


rily for the pilots’ use; however, much valuable information 
pertaining to ordnance and armament equipment is included. 
Instructions for operating guns, dropping bombs, torpedoes, 
firing rockets, operating sights, gun heaters, or any other 
operating equipment attached to the aircraft are included. 

Armament Manuals are the ordnanceman’s maintenance 
handbooks for armament equipment just as the OP’s are for 
ordnance equipment. Issued either by the Bureau of Aero- 
nautics, or jointly by the Bureau of Aeronautics and the 
Secretary of the Air Force, Armament Manuals supply the 
Aviation Ordnancemen with complete information on the 
operation, maintenance, and overhaul of all aircraft arma- 
ment equipment. 

A complete listing of all current Aircraft Armament 
Manuals may be found in the arMAMENT sEcTION of the 
Aeronautic Publications Index. 

Technical Orders (TO’s) are orders of a technical nature 
issued in letter form at irregular intervals either by the 
Bureau of Aeronautics or the Deputy Chief of Naval Opera- 
tions (Air). TO’s are mandatory orders and are to be 
executed in the manner called for on all aircraft or equip- 
ment to which they apply. All commands operating air- 
craft are required to maintain a complete file of all effective 
TO’s. TO’s are numbered consecutively as issued on a cal- 
endar year basis. TO 20-53 indicates the twentieth TO is- 
sued in the year 1953. 

TO-0— issued annually—lists in numerical order all cur- 
rent and canceled Technical Orders. This same information 
may be found in the Vaval Aeronautic Publications Index 
and the supplement. 

Technical Notes (TN’s) contain technical data of an op- 
erational or maintenance nature concerning aircraft or 
equipment. They are issued at irregular intervals for in- 
formational purposes and are suggestive rather than man- 
datory. All commands operating aircraft are required to 
maintain a complete file on those in effect. TN’s are num- 
bered in the same way as TO’s. 
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TN-0—issued annually—lists in numerical order all cur- 
rent and canceled Technical Notes. This same information 
may be found in the Naval Aeronautics Publication Index 
and the supplement. 

Aireraft Armament Changes (AAC’s) describe mandatory 
changes or modifications to specific items of armament equip- 
ment. An AAC is issued when a piece of equipment proves 
inadequate or unsatisfactory and a new item, or a modifica- 
tion of the old one, has been developed which will improve its 
performance. Aircraft Armament Changes are numbered 
consecutively as issued. A complete listing of all AAC’s 
issued, together with date of issue, those canceled, and those 
still in effect may be found in the Armament Section of the 
Naval Aeronautic Publications Index. 

Aircraft Armament Bulletins (AAB’s) are issued for 
specific items of armament equipment in the same manner 
as AAC’s; however, these are more of a suggestive nature 
than mandatory. Suggested lubrication procedures, bore- 
sight procedures, or equipment changes which may be incor- 
porated if desired are examples of armament bulletins. 
Like armament changes, AAB’s are numbered consecutively 
and listed in the Naval Aeronautic Publications Index. 

Aviation Circular Letters (ACL’s) contain instructions 
regarding policy, administration, and air operations. They 
are numbered consecutively for each calendar year. 

ACL-0— issued annually—lists in numerical order all-cur- 
rent and canceled ACL’s. This same information may be 
found in the Naval Aeronautic Publications Index and the 
supplement. . 

The Bureau of Aeronautics issues Instructions and Notices 
that are similar in nature to the directives of other Bureaus. 
BuAer Instructions and Notices are replacing other directive- 
type publications—TO’s, TN’s and ACL’s—which have been 
issued in the past. 


Bureau of Naval Personnel Publications 


Navy TRAINING coursES.—Navy Training Courses are pre- 
pared and issued for the enlisted men of the Navy. Train- 
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ing courses contain information which will be helpful in the 
performance of your duties, as well as information necessary 
for advancement in rate. 

This book (NavPers 10345) contains information for the 
Aviation Ordnancemen third and second class. Certain 
fundamentals common to other ratings as well as Aviation 
Ordnancemen, such as fundamentals of electricity, blueprint 
reading, mathematics, and use of hand tools are covered in 
the training courses listed below. 

Electricity, NavPers 10622-B. A basic reference for all 
enlisted men of the Navy whose duties require them to have a 
knowledge of the fundamentals of electricity. Contains 
information required of Aviation Ordnancemen such as how 
to read circuit diagrams, use of Ohm’s Law, how to solve for 
unknown values, and use of measuring instruments and other 
test equipment. 

Mathematics, NavPers 10069-A and NavPers 10070-A. 
Valuable references in mathematics fundamentals, contain- 
ing self-tests for evaluating your knowledge. Aviation Ord- 
‘nancemen should be able to solve problems dealing with 
ratio and proportion, areas and volumes, and simple 
equations. 

Blueprint Reading, NavPers 10077. A valuable reference 
on the fundamentals of blueprint reading. 3 

Basic Hand Tool Skills, NavPers 10085. Contains valu- 
able information on the care and use of hand tools used in 
all naval aviation ratings. 

Navy TRAINING coursEs are revised from time to time by 
the Training Division of the Bureau of Naval Personnel. 
Current issues are available through your Training Officer, 
regardless of the type of organization to which you belong. 

Manual of Qualifications for Advancement in Rating. 
Another publication issued by the Bureau of Naval Per- 
sonnel, and of interest to all enlisted men, is the Afanual of 
Qualifications for Advancement in Rating, NavPers 18068. 
This manual sets forth the minimum qualifications required 
of enlisted personnel fcr advancement in rate or rating. Ex- 
cerpts from the Qualifications Manual, listing the qualifica- 
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tions for Aviation Ordnancemen, have been included as ap- 
pendix IT of this book. 


PROCUREMENT AND DISTRIBUTION OF EQUIPMENT 


Ordinarily supply work throughout the Navy is handled 
by supply personnel, but it must be remembered that supply 
points cannot guess the actual needs of an operating 
squadron, or the individual needs of a department within an 
activity. It is therefore necessary for all men in aviation 
to become acquainted with the supply system. In aviation 
ordnance we find our job in supply a very important one. 
If attached to a FASRon or other service activity, we are 
charged with the responsibility of adequately supporting all 
the aircraft squadrons in the specific command. To sup- 
port these squadrons it is necessary to maintain an ordnance 
storeroom. To maintain a properly supplied storeroom, an 
ordnanceman must be fully acquainted with the current sup- 
ply system, requisitioning forms, and inventory forms. 


Chain of Supply 


The Bureau of Ordnance has its own distributive organi- 
zation for aviation ordnance equipment under its cognizance. 
These activities are designated by BuOrd both as to location 
and purpose, and are classified as follows: 

RESERVE SUPPLY POINTS.—A reserve supply point provides 
storage for reserve material and for excess quantities of ac- 
tive aviation ordnance equipment. BuOrd directs the 
manufacturers to ship the finished product to one of these 
reserve supply points. Examples of reserve supply points 
are the Naval Supply Depots at Mechanicsburg, Pa., and at 
Clearfield, Utah. 

DistripuTion pornts.—A distribution point is defined as a 
ready-for-issue point where the equipment is broken down 
from the original bulk condition to the ready-for-issue con- 
dition. It is then held on board until] BuOrd shipping 
orders are received. Examples are the depots at Norfolk 
and Oakland. 

PRIMARY SUPPLY POINTS—A primary supply point dis- 
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tributes aviation ordnance equipment among its secondary 
supply points, its dependent operating activities, and the 
overhaul and repair shops in accordance with Bureau of 
Ordnance policies. 

SECONDARY SUPPLY POINTS.—A secondary supply point is- 
sues aviation ordnance equipment to its dependent operating 
activities. 

A complete list of supply and storage points currently 
designated by BuOrd appears in OP 1820, Supply of Avia- 
tion Ordnance Equipment. 

REPLENISHMENT OF PRIMARY SUPPLY POINTS.—Looking back 
over the last few paragraphs, it can be seen that the Bureau 
of Ordnance has complete contro] of the aviation ordnance 
equipment through the reserve supply points and distribu- 
tion points. Replenishment of these activities is automatic 
when considered necessary by BuOrd. While BuOrd knows 
the types and quantities of equipment that have been shipped 
to the various primary supply points, they have no idea what 
equipment the primary supply points issue to secondary sup- 
ply points and operating activities. Asa result, the primary 
supply points are required to complete NavOrd Form 148B— 
Field Reporting Card BuOrd Class J94—quarterly and sub- 
mit to BuOrd. From this report BuOrd can determine the 
needs of the primary supply points for the next quarter and 
will authorize a distribution point to ship the aviation ord- 
nance equipment concerned. From this use of NavOrd Form 
148B, primary supply points receive automatic quarterly 
shipments of equipment ; however, there are times when the 
equipment supplied to the primary supply points proves in- 
sufficient, because of miscalculations, emergencies, and the 
like. When this happens the primary supply point may re- 
quest an interim replenishment of stocks needed by sub- 
mitting Supply and Accounts Form 220 to the Bureau of 
Ordnance for approval. : 

REPLENISHMENT OF SECONDARY SUPPLY POINTS.—Secondary 
supply points submit NavOrd Form 148B quarterly; how- 
ever, they will submit this form to their supporting primary 
supply point instead of BuOrd. In this way the secondary 
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Figure 1—1.—NavOrd Form 148A. 


supply points also receive automatic quarterly shipments of 
aviation ordnance equipment. For interim replenishments, 
NavSandA Form 220 is submitted to the primary supply 
point. 

NavOrd Form 148A is an ANNUAL REPORT of all ordnance 
equipment on hand and is submitted by all activities, in- 
cluding the actual users of the equipment. Operating and 
service squadrons submit this report to the station at which 
they are based. This report does Nor include equipment 
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already installed in aircraft. The air stations consolidate 
these reports and their own report into a master form 148A 
and submit to their naval air base command. The naval air 
base command consolidates the reports for the entire com- 
mand and submits to BuOrd not later than 15 July annually. 


CLASSIFICATION OF MATERIAL AND EQUIPMENT 


Materials and equipment are classified for cataloging ac- 
cording to their general physical characteristics and uses. 
This system, called the Navy Material Classification System, 
segregates naval stores and material into 99 DIFFERENT 
CLASSES, each: class representing a type of material. The 
complete list appears in the Catalog of Navy Material. 

Classes 1, 2, and 3 contain general service ordnance equip- 
ment such as major caliber guns, small arms, underwater 
weapons, and associated equipment. 

Class 4 contains ammunition, bombs, warfare chemicals, 
pyrotechnics, and explosives (excluding rockets). 

Classes 5 through 79 contain standard Navy items, such 
as tools, office supplies, cleaning supplies, and the like. 

Class 94 material, which comprises aircraft armament 
and ordnance (except explosives and ammunition), is the 
chief concern of the Aviation Ordnanceman. Since cogni- 
zance of this material is divided between BuAer and BuOrd, 
letter prefixes are used.to distinguish between the two. 
Class J94 identifies avIATION ORDNANCE EQUIPMENT. Class 
R94 identifies aviaTION ARMAMENT EQUIPMENT. Stock num- 
bers are used for further identification of materials and 
equipment. 

The BuOrd Section of the Catalog of Navy Material (Sec- 
tions 6000-6900) is an alphabetical listing of all class J94 
equipment. Each section has a component breakdown table 
which lists all parts of a major assembly. Stock numbers, 
part numbers, and places where the part is used are also 
given. Each assembled unit of ordnance equipment is fur- 
ther identified by 2 MARK NUMBER and a MODIFICATION 
NUMBER. 

Aviation Supply Office Section (ASO) of the Catalog of 
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Navy Material carries all classes of equipment under the 
Bureau of Aeronautics control. Classes R5-R77 (standard 
aviation equipment), R80-R93 (parts peculiar to aviation), 
and R94 (aviation armament equipment) are the specific 
classes cataloged. All items are listed alphabetically by 
classes. To find the stock number of an item, first deter- 
mine its material class. Turn to that class and by using the 
alphabetical index obtain its item number; then go through 
the material class to locate the item number and its corre- 
sponding stock number. 


ALLOWANCE LISTS 


ALLOWANCE LIsTs are prepared by the various bureaus of 
the Navy Department for use as guides as to the type and 
quantity of material to be carried on hand by the various 
types of naval activities. Since the equipment with which 
aviation ordnance personnel primarily work comes under 
the cognizance of the Bureau of Aeronautics and the Bureau 
of Ordnance, the Aviation Ordnanceman is concerned with 
allowance lists issued by both these Bureaus. 

Bureau OF ORDNANCE ALLOWANCE Lists.—The Bureau of 
Ordnance issues its allowance lists in the form of NavOrd 
Lists, each list being identified by a five-digit number. 
NavOrd Lists of major interest to the Aviation Ordnance- 
man are listed below: . 


NavOrd List 21416—Line Maintenance and Spare Parts 
Sets. 

NavOrd List 21486—Aviation Ordnance Allowance for 
Ships. 

NavOrd List 20870—Aviation Ordnance Allowance for 
Naval Aircraft. 

Bureau or AERONAUTICS ALLOWANCE LIsTs.—The Bureau of 
Aeronautics identifies and issues allowance lists of equip- 
ment under their cognizance in the form of sections. ‘The 
Sections of major interest to ordnance personnel are: 

Section A—Standard Aeronautical and General Stores 

Material, 


Section B—Aircraft Maintenance Parts for Designated 
Specifie Model Aircraft. 

Section G—Shop Handling and Servicing Equipment. 

Section K—WavAer Publications and Forms. 

Section O—Aviation Armament Material, Arming and 
Gunnery Training. 

Section P—Photographic Equipment. 

Section U—Standard Hand Tool Kits. 


REQUISITION FORMS 


Since all naval activities draw equipment, from central 
supply points it is easy to see why standardized requisition 
forms are used. Besides the standard forms covered here, 
there are numerous local type forms in use. These local 
forms are issued by local supply activities to simplify the 
process of requisitioning material. However, when local 
forms are used, the supply activity must complete standard 
forms on the items issued. 

Suppiy anp Accounts Forms 129 anp 129A are the stand- 
ard forms used by all shore based activities in requisitioning 
material. Form 129 is commonly referred to as the sruB 
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Figure 1-2.—Nav. S. and A. Form 129, Stub Requisition. 
308378 °—-55—-3 21 


REQUISITION. The most important thing to remember when 


completing a stub requisition is that only one class of ma- 
terial may be ordered on any one stub. Form 129A is simi- 
lar to Form 129, except it is canary yellow in color, and can 
be used to return material for credit. In case Form 129A 
is not available for use, then Form 129 may be used by check- 
ing the appropriate block. 

Suppiy anp Accounts Form 48 is the standard form used 
by all forces afloat to draw equipment within their allowance. 


AMMUNITION STOCK RECORDING SYSTEM 


The ammunition stock recording system was established to 
provide the Ordnance Stock Office (OSO) with a standard 
- system of recording all transactions involving ammunition 
and ammunition components and of providing accurate, up- 
to-date information on quantity and quality of ammunition 
on hand. All ammunition supply points operate under this 
system. This includes naval air station magazines and up- 
ward through the naval ammunition depots. 

This system is under the control of the Ordnance Stock 
Office which is a section of the Bureau of Ordnance. 

The principal forms used under the system are described 
here. For a complete description of all forms, refer to OP 
1675—Ammunition Stock Recording System, Manual of 
Instruction, 


Ammunition Stock Record Card 


Ammunition stock record cards are used within the station 
records office to provide a record of the on hand balance and 
history of the transactions of each item of ammunition 
carried by the station. The three forms of record cards 
are: : 

NavOrd Form 281—Fixed cartridges 

NavOrd Form 282—Miscellaneous 

NavOrd Form 1157—Semi-fixed cartridges 


Magazine Cards 


NavOrd Form 421—Miscellaneous 
NavOrd Form 422—Gun ammunition 
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Figure 1—3.—Stock record card. 


A magazine card is attached to each stow of ammunition, 
indicating the quantity and full description of the ammuni- 
tion therein. These cards are colored so that they show 
at a glance the status of each stock pile. 

Buff—Unobligated stock 

Green—Reserved stock 

Red—Unserviceable stock 
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Figure 1—4.—Magazine card. . 
QUIZ 
1. Aviation Ordnancemen are responsible for the maintenance of 
‘AL the 23.22. 2e. ANWs 2 so ., equipment used by naval 
aircraft. 


. A group of squadrons operating as a unit aboard a carrier is 


KNOWM).88°8 402i 2o5 ls. Solos, cant Se eset sseeut. group. 


. What is a fleet air wing? 


. An aircraft squadron is usually organized into what five depart- 


ments? 


. What is a FASRon? 
. What are the two types of FASRons? 


. The aviation ordnance division of a naval air station is part of 


the :station’ 2.-2<"s..225.5.2502 department. 


. The aviation ordnance unit abroad a carrier is part of the 


oe oe eee department of the ship. 


. Cognizance of aviation ordnance and armament equipment is 


divided between the Bureau of ~_--------_- and Bureau of 
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10. 


11. 
12. 


. NavAer 00-500 is what type publication? 


What publication is issued under the number OP 0? 


. In what section of the Catalog of Navy Material would you find 


Class J94 equipment? 


18. NavSandA Form 129 is also known 


14. 


All ammunition supply points operate 
wi dvead Pele Ve esae toes aces system. 
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CHAPTER 


EXPLOSIVES 


An explosion is broadly defined as a rapid and violent 
release of energy. In this chapter, however, the term ExPLO- 
sIon is restricted to what happens when a gun is fired or 
when a missile is detonated. In all such explosions, the 
original explosive substance (either a solid or liquid) 13° 
rapidly transformed into gases of equal weight, but of many 
times greater volume than the original substance. In order 
to obtain such an explosive reaction, a suitable amount of 
heat or shock is applied. : 

From the above description of an explosion, an EXPLOSIVE 
may be defined as a substance which undergoes a sudden 
chemical change when subjected to a certain amount of heat 
or shock. This chemical change is characterized by the 
formation of large quantities of gas and a considerable 
amount of heat. These conditions must be accomplished 
very rapidly and the explosive substance must be confined 
in a limited space in order to obtain the desired result. A 
true explosive reaction proceeds at high velocity, liberates 
heat, creates gases, and develops high pressures. 

The chief characteristic which distinguishes an explosive 
reaction from ordinary combustion is the high velocity of the 
explosive reaction. This is known as the RATE OF DETONATION 
and is measured by finding the time required by the explosive 
wave to travel a known distance in a tube in which the explo- 
sive has been packed. The rate of detonation is of prime 
importance and varies from 3 feet per second for smokeless 
powder to 22,300 feet per second for TNT. (There are other 
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military explosives that have a higher rate of detohation 
than TNT.) 

Also of great importance, especially in military explosives, 
is the sensitiviry. The explosive must be “safe” until the 
impulse is applied to start the reaction, or detonation; if 
the substance is so unstable as to react in response to a slight 
blow, friction, or pressure, it can have no practical applica- 
tion. Explosives vary in the strength of the impulse 
required to cause them to explode. Some are exploded at 
the slightest touch; others, such as fulminate of mercury, 
require a moderate blow or flame, and still others require a 
very violent blow and cannot be exploded in the open by a 
flame. It was originally considered that the power of an 
explosive was measured by the sensitivity and that the most 
powerful explosives were quite sensitive; but it has been 
found that insensitive explosives are quite powerful and that 
the sarest explosives are those (such as TNT and Explosive 
TD) which, under ordinary circumstances, require a detona- 
tor to initiate the reaction. 

Explosives cannot be classified definitely from their 
chemical composition, by the gas evolved, or the heat lib- 
erated. Consequently, they are classified by the speed of 
the chemical change (rate of detonation). If the velocity of 
the explosion can be controlled after the reaction starts, the 
explosive is classified as a PROPELLANT, that is, for use in eject- 
ing a projectile froma gun. A propellant is generally termed 
4 LOW EXPLOSIVE and is one which burns relatively slow and 
permits the initiating of action by flame. 

When an explosive requires a powerful agent to start 
the reaction, and when the reaction is started, proceeds at a 
high rate, and is uncontrollable, it is considered a HIGH FXx- 
pLosive. For example, TNT requires a powerful agent such 
as fulminate of mercury to start the reaction and is con- 
sidered a high explosive. High explosives have a powerful 
disruptive action, and are used as burster charges in pro- 
jectiles, bombs, and mines. They will be discussed later. 
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PROPELLANTS (LOW EXPLOSIVES) 
Black Powder ; 


Until the latter half of the nineteenth century when 
smokeless powder was developed, the only well-known ex- 
plosive substance was black powder, which was used both for 
propellant and blasting purposes. From the best authorities 
it seems likely that the Arabs, about 1280 A. D., used mix- 
tures similar to black powder, and by the sixteenth century 
the French had begun to grain it and classify it so that it 
could be used in.various sizes of guns. 

Saltpeter (sodium nitrate), sulphur, and charcoal have 
been the ingredients of black powder since the time of its 
first use as an explosive. All nations use practically the 
same proportions in the manufacturing process: 75 percent. 
saltpeter, 15 percent charcoal, and 10 percent sulphur. 

In manufacture, the ingredients are very finely pulverized, 
mixed together, and pressed to a high density. The result- 
ing cake is then broken up and the individual grains rotated 
in a large drum to produce a glaze, thereby reducing the 
dangerous dust to a minimum. In some cases the cake is 
powdered and formed into grains of regular size. 

As a propellant, black powder has four major disad- 
vantages: . 

1. It leaves a large amount of residue, thus fouling the 

bore. 

2. On being fired, it makes large quantities of black smoke. 

3. It is very hygroscopic (that is, it absorbs water readily, 

an undesirable characteristic in explosives). 

4. It causes considerable bore erosion by the high tempera- 

ture of combustion. 

Black powder is still in use in the Navy in various grades 
for the following purposes: 

1. Fuze delay trains. 

2. Igniters (in larger caliber gun ammunition). 

3. Saluting charges. 

4, Pyrotechnics. 
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5. Impulse charges for some torpedoes and depth charge 
throwers. 

Brack POWDER IS THE MOST DANGEROUS EXPLOSIVE IN 

SERVICE USE TODAY AND MUST BE HANDLED WITH EXTREME 


CAUTION. 
Smokeless Powder 


The first smokeless powder was made by a Major Schultze 
of the Prussian artillery in 1864. It was made of nitrated 
wood impregnated with saltpeter. Modern American 
smokeless powder is made of cellulose, the best source of 
which is cotton. Every nation now uses as propellants sub- 
stances obtained from nitrocellulose, alone or mixed with 
nitroglycerin (such as cordite), as such substances permit 
controlling the rate of explosion. This is possible because 
the individual grains burn from the surface inward in suc- 
cessive layers, and by altering the size of the grain and thus 
changing the burning surface, the velocity of the reaction 
can be modified. Therefore, the same composition can be 
used in any size firearm merely by a change in the finishing 
process. 





Figure 2—1.—Typical grains of smokeless powder. 


The raw materials used in the manufacture of Navy stand- 
ard smokeless powder are cellulose, nitric and sulphuric acids, 
ether, ethyl alcohol, and diphenylamine. Smokeless powder 
properly defined is “an ether alcohol colloid of nitrocellu- 
lose.” : 
The burning rate is controlled by the size, shape, and web 
thickness of the grain. Web thickness is the distance be- 
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tween the holes (see fig. 2-1), and between the holes and 
the outer surface of the grain. One-hole grains are used 
in small caliber guns while seven-hole and rosette grains are 
used in larger caliber weapons. In manufacture, lots are 
blended to obtain uniform ballistics. Small arms lots range 
from 15,000 pounds to 50,000 pounds. 

While conventional smokeless powder is in the shape of 
rods or cylinders, as shown in figure 2-1, a recent develop- 
ment is BALL powder. It is made like other smokeless 
powder but is formed into small round grains or balls in- 
stead of being pressed into strips which are then cut to the 
desired length. The balls are of various sizes for different 
requirements, and the burning rate is controlled by coating 
each grain with a slow-burning deterrent coating. When 
ignited, the coating burns slowly and, as it is consumed and 
the grains become smaller, they burn faster. This is known 
as progressive burning. 

One of the greatest advantages of ball powder is that it 
packs more compactly in a cartridge case than does powder 
in the shape of rods and this permits an equivalent propel- 
lant charge to be loaded into a considerably smaller case with 
a corresponding reduction of size and weight in the complete 
cartridge. Most caliber .30 carbine cartridges are loaded 
with ball powder, and despite their small size and light 
weight, they have a muzzle velocity of close to 2,000 feet per 
second (see chapter 5). 

The second major advantage of ball powder is that it 
produces less heat and erosion in barrels, thereby extending 
barrel life. This is particularly advantageous in automatic 
weapons. 

As a propellant, smokeless powder has the following 
characteristics: 

1. It burns evenly. 

2. It is not corrosive, although it does have a tendency to 

absorb water. 

38. It gives off large quantities of gas during burning. 

4: It leaves little residue. 

As can be seen, smokeless powder is a far better propellant 
than black powder, and is far less sensitive, tricky, and dan- 
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gerous to handle. Nevertheless, certain precautions must be 
observed in handling it as specified in part below: 

1. It must be stored in airtight, moisture-proof containers. 

2. It must be kept below 90° F. in storage. The best 

temperature is 60° F. 

3. It must be checked constantly for evidence of deterio- 

ration. 

Powder magazines are therefore checked daily, as a matter 
of routine, for condition of powder containers, for mainte- 
nance of proper temperatures, and for deterioration of 
powder. 

Smokeless powder is constantly being improved, especially 
with respect to elimination of muzzle flash, improving re- 
sistance to deterioration caused by temperature and mois- 
ture, and improving its burning characteristics. There has 
been considerable progress in developing flashless non- 
hygroscopic powder, designated as FNH. Nonhygroscopic 
powder is designated NH. 


Ballistite 


Ballistite is a double-base powder used as a rocket propel- 
lant. Its composition is 60 percent nitrocellulose, 39 percent 
nitroglycerin, and 1 percent diphenylamine. It burns with a 
considerable flash and much smoke, and generates a great 
volume of gas. Ballistite burns progressively at a slower 
rate than gun ammunition. It is ignited by a black powder 
charge which in turn is ignited electrically. 


SPCG 


SPCG is a Jater development of rocket propellant and is 
replacing ballistite as such. It is also used as a propellant in 
large caliber guns. It is composed of 50 percent nitrocel- 
lulose and 50 percent nitroguanadine. It is very cool burn- 
ing with little smoke, no flash, and has a higher velocity than 
does ballistite. : 


DETONATING SUBSTANCES 


A PRIMER is a device for initiating che burning of the pro- 
pellant charge by means of a flame. In large caliber guns, 
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the flame from the primer ignites a charge of black powder 
which in turn ignites the propellant charge. In small-arms 
ammunition, the flame from the primer alone is sufficient to 
ignite the propellant. The particular type of explosive used 
in a primer or detonator is called a DETONATING SUBSTANCE, 
the most common examples of which are FULMINATE OF MER- 
cury and Leap Azipe. Detonating substances are those which 
will detonate by the application of ordinary means, such as 
heat, impact, or friction, and will impart a percussion blow 
of such character as to detonate high explosives which can- 
not be detonated directly by ordinary means. 

A Booster is a secondary or intermediate detonating sub- 
stance used with high explosives. It is a compound which 
is too insensitive to be detonated directly but is sensitive 
enough to be detonated by the initiator and to pass along the 
effects to the main charge. In the case of high explosives, 
the initiator would be a fuze or other denotating device. One 
of the most common boosters in use today is rerryL, which 
will be discussed later. 


Fulminate of Mercury 


Fulminate of mercury was discovered in 1790 and was 
first used practically for the manufacture of percussion caps 
in 1815. The sensitivity is so great that accidents, especially 
in manufacture, are numerous, and frequent attempts have 
been made to find a suitable substitute. No such substitute, 
however, has replaced fulminate of mercury to any extent 
except lead azide which has been adopted for the detonators 
in some Navy large caliber base detonating fuzes, in all Army 
large caliber base detonating fuzes, and in commercial deto- 
nators. 

Fulminate of mercury has the peculiar property, when 
struck or otherwise exploded, of igniting, then rapidly deto- 
nating, instead of instantly detonating as do other high 
explosives. It is used only as a detonating or primer com- 
pound. When used in primers it is generally mixed with 
other substances to increase the heat of the explosion, produce 
a longer flame, and vary the sensitivity. 


32 


Fulminate of mercury is adversely affected by moisture 
so fulminate detonators and ammunition containing fulmi- 
nate primers must be kept dry. It will decompose in stow- 
age in tropical temperatures and will be rendered useless in 
about three years. It is unaffected by variations of temper- 
ature in ordinary stowage. 


Lead Azide 


Lead azide is the most suitable of several azides which can 
be used as substitutes for fulminate of mercury. Lead azide 
is less sensitive and this quality makes it a better detonating 
substance for use in large caliber base detonating fuzes and 
some aircraft bomb fuzes, It is frequently mixed with 
fulminate of mercury. 

Lead azide does not suffer an aging effect as anes fulminate 
of mercury. This aging effect in fulminate reduces the sen- 
sitivity of the mixture after long periods of storage. 


HIGH EXPLOSIVES 


A HIGH EXPLOSIVE is an explosive substance whose reaction 
or decomposition, once started, is extremely rapid and un- 
controllable. This type of explosion is called a high-order 
detonation. It has been shown that a low explosive burns 
at a much slower rate and is controllable. 

The qualities of rate of detonation and sensitivity have 
already been discussed ; however, a third quality of consider- 
able importance in the consideration of high explosives is 
that of Brisance. Brisance can be defined as the shattering 
ability of an explosive. Brisance, however, has little to do 
with the strength or power of an explosive, which is measured 
by the quantity of heat and gas given off, but depends more 
on the rate of detonation. 

Used as a bursting charge in a projectile or bomb, an explo- 
sive with too little brisance would break the casing into a 
few large but slow-moving and poorly distributed frag- 
ments. An explosive with too high a brisance would shatter 
the casing into such small fragments that they would be 
ineffective. 
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A high explosive for military use must fulfill certain 
requirements. It must be insensitive enough to withstand 
the shock of being fired from a gun, of handling, and of im- 
pact against armor. It must be stable in storage. It must 
be easy to load, manufacture, and handle, and must have 
maximum power. 

Compromises have to be made on some of these points. 
As an example, TNT is definitely too sensitive to withstand 
an impact against armor, while Torpex is not combat safe— 
if struck by a projectile it will sometimes detonate. 


TNT (Trinitrotoluol or Trinitrotoluene) 


TNT has, for a number of years, been the explosive used 
as a main charge in practically all American bombs, projec- 
tiles, and other munitions, but it is being gradually replaced 
by newer, more powerful explosives. However, large quan- 
tities of munitions are still being loaded with TNT. 

TNT is produced from toluol, or toluene, a coal tar deriva- 
tive. Two grades, grade A and grade B, have been used in 
the Navy, with grade A being the purer. At present all 
TNT produced is grade A. TNT is relatively insensitive to 
shock, friction, or pressure. However, it is not insensitive 
enough to be used as a filler in armor-piercing projectiles or 
bombs. It melts readily, thus being very convenient to load 
into any type casing. 

During storage, a dark brown, oily liquid called exupaTe 
frequently separates out from TNT. The amount and rate 
of separation depends primarily on the purity of the TNT 
and secondarily on the temperature of storage. Grade B 
TNT, being less pure than grade A, has a considerable 
amount of exudation; this is its only disadvantage. Exudate 
is dangerous; it is inflammable and highly sensitive to per- 
cussion. Any accumulation of exudate presents both a fire 
and explosive hazard, and must be removed immediately. 
Exudate is soluble in acetone, and this solvent or clean hot 
water should be used to remove it. UNprr No circuM- 
STANCES SHOULD SOAP OR OTHER ALKALINE PREPARATIONS BE 
USED TO REMOVE EXUDATE. 
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Explosive D (Ammonium Picrate) 


Explosive D is used as the main charge in armor-piercing 
bombs and projectiles because of its insensitivity. It is 
manufactured by saturating a solution of picric acid with 
aqua ammonia or ammonia gas, and is crystalline powder 
varying in color from orange to deep red. 

Explosive D is less powerful than TNT but this disadvan- 
tage is offset by its insensitivity to shock, friction, and 
pressure. It has high chemical stability and is not affected 
by ordinary variations in temperatures; however, it is 
hygroscopic and will absorb up to 5 percent moisture, 
thereby losing power and sensitivity. In addition, it reacts 
with metals, especially when wet, and forms extremely sensi- 
tive compounds. To prevent this reaction, the inside 
of bombs and projectiles to be loaded with Explosive D are 
coated with an acid-proof lacquer. 


Picratol 


Picratol is composed of 52 percent Explosive D and 48 
percent TNT, and is used as a main charge in semi-armor- 
piercing bombs. It is more impact-sensitive than Explosive 
D, but less than TNT. It is cast-loaded. 


Tetryl 


Tetryl' is the accepted abbreviation for trinitrophenyl- 
methylnitramine, a nitrocompound which is an excellent ex- 
plosive for booster charges and is very widely used as such. 

Tetry] is about 18 percent more powerful than TNT and 
more easily detonated. It is more sensitive to shock than 
TNT, but not sufficiently so to be dangerous, and is stable at 
all ordinary temperatures. It is expensive to manufacture, 
and cannot be cast-loaded. Tetry] is toxie and gloves must 
be worn when it is being handled to avoid tetryl] poisoning. 

Tetry] is easily detonated by the explosive wave from the 
initiator, this being one of the characteristics which makes 
it an excellent booster explosive. For the same reason, how- 
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ever, it is not used as a main charge except in certain small- 
caliber projectiles, such as the 20-mm. 


Tetrytol 


Tetrytol is composed of 70 percent tetryl and 30 percent 
TNT, and is used when a large quantity of booster explosive 
is desired. Its main advantages over tetryl are that it can be 
cast-loaded (tetryl must be press-loaded) and that it is less 
expensive. Tetrytol cannot be used where it will come in 
contact with hot explosives, such as a main charge being 
loaded in molten form into a casing, as it will be melted by 
the heat and separation will occur. This prevents its being 
used as an auxiliary booster in those bombs using such 
boosters. 

Amatol 


Amatol has been used as a substitute for TNT, when short- 
ages of toluol have resulted in insufficient quantities of TNT 
being available. Amatol is made by melting TNT and in- 
corporating ammonium nitrate, making a 50-50 or an 80-20 
mixture of ammonium nitrate and TNT respectively. 


PETN 


PETN is an explosive more sensitive than tetry] but less 
so than fulminate of mercury. It is used mostly in the manu- 
facture of primacord which is used as a detonating cord to 
detonate a charge, or series of charges simultaneously. Used 
in this manner it is mixed with wax, being too sensitive to 
be used in unadulterated form. 

Primacord, which is used a great deal in demolition and 
disposal work, comes in 100-foot spools. It is 14 inch in 
diameter and is flexible and waterproof. The outside of the 
cord is yellow; the explosive itself is white. Primacord is 
insensitive to flame, shock, and friction, and must be deto- 
nated by a blasting cap, either electric or nonelectric. 


RDX (Cyclonite) 


RDX used in several modern explosive mixtures, was de- 
veloped by the British and reached practical application 
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during World War II. It is produced by the nitration of 
an organic material and is in the form of crystals. These 
crystals are coated with wax to reduce sensitivity and, in this 
form, RDX may be handled readily. No further details of 
manufacture or materials used may be given. 

RDxX is far too sensitive to be used alone, and the addition 
of less sensitive materials is necessary before it can be used as 
a military explosive. 

RDxX is stable in stowage and may be press-loaded. It is 
the most powerful and brisant of military explosives, with 
the exception of nuclear fission weapons. 


RDX Composition A 


Composition A is composed of 91 percent RDX and 9 per- 
cent beeswax or similar wax by weight. It may be used as 
a projectile filler. 


RDX Composition B 


Composition B is a mixture of about 60 percent RDX and 
40 percent TNT by weight, plus about 1 percent beeswax. 
It is used in most fragmentation bombs, and was used in some 
large general-purpose bombs during World War II due to 
a shortage of TNT. Large GP bombs loaded with Composi- 
tion B should never be used in skip bombing due to its 
sensitivity, and such bombs are usually fuzed with instan- 
taneous fuzes for the same reason. 

Composition B is cast-loaded and TNT is used to nove 
a cushion between the Composition B and the bomb casing. 
This caution is known as a “surround.” 

One of the major uses of Composition B is in the produc- 
tion of Torpex and HBX. 


RDX Composition C 


Composition C is a mixture of approximately 88 percent 
RDX and 12 percent plasticizing oil. It is used in demoli- 
tion work, can be molded or shaped in any form, and has 
the consistency of putty. It will retain its plasticity over a 
wide range of temperature and will not exude oil. 


308378°—55——4 37 


Torpex 


Torpex was used during World War II as a main charge 
in underwater munitions such as depth bombs and charges, 
mines, and torpedoes. It is composed of 42 percent RDX 
Composition B, 40 percent TNT, and 18 percent aluminum 
powder by weight. Torpex, while much more sensitive than 
TNT, is also much more powerful; on a weight basis, 100 
pounds of Torpex will produce the same underwater damage 
as approximately 150 poundsof TNT. It is nonhygroscopic, 
noncorrosive, and is stable in stowage. It is cast-loaded. 

Torpex, however, has the great disadvantage of not being 
combat safe. When struck by small-arms projectiles, or pro- 
jectile or bomb fragments, a low-order (and occasionally a 
high-order) detonation will usually occur. . 


HBX 


HBX has superseded both TNT and Torpex in almost all 
underwater munitions. It is only 2 percent less powerful 
than Torpex, but is 50 percent less sensitive. It is cast- 
loaded and tests indicate it is as stable as TNT, although as 
yet there is no information as to its stability over a long 
period of stowage. 

HBX is basically desensitized Torpex. It is composed of 
40 percent RDX Composition B, 38 percent TNT, 17 percent 
aluminum powder, and 5 percent desensitizer. Early HBX 
absorbed moisture, and after doing so, gave off gas that 
caused pressure in the casting. To counteract this, 0.5 per- 
cent calcium chloride was added to the HBX which was then 
designated as HBX-1. HBX-1 is now in general use. 


QUIZ 


1. Explosives are classified by the speed of the ----__--.- ------___.. 


2. If the velocity of the explosion can be controlled after it is 
started, the explosive is classified as a --__-----_ or ----------. 
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. What is the most dangerous explosive to handle used in the Navy 


today? 


. Define smokeless powder. 


. Name two detonating substances. 


6. When the decomposition of an explosive substance is extremely 


2 @ 


10. 


. What explosive is now used in almost all underwater munitions? 


rapid and is uncontrollable, it is termed a _-----. -- ~---.----- 
detonation. 


. What is the basic ingredient of TNT? 
. What should never be used to remove TNT exudate? 


. What explosive is used as a burster charge in armor-piercing 


bombs? 


Tetryl is used mainly as a _____----- charge. 
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CHAPTER 


BOMBS AND MINES 


An aircraft bomb ordinarily consists of a metal container 
or casing filled with explosives or chemicals; a means of sta- 
bilizing its flight (usually a fin assembly) so that it can be 
aimed accurately; fuzes for exploding the bomb at the tar- 
get; and such safety devices as may be necessary to make it 
reasonably safe to carry. The bomb is usually streamlined, 
with a rounded nose and a tapered tail.: The stabilizing de- 
vice is attached to the tail, and generally consists of a sheet 
metal fin assembly, although a parachute or cloth streamers 
are occasionally used. 

Aircraft bombs came into general use during World 
War I. They were crude at first, but by the end of the war 
had become quite modern looking, although small by present 
day standards. The 110-pound German airship bombs 
dropped on England were then considered large. 

The tail fin assemblies on modern bombs are of two types, 
BOX TYPE and RING (Or SHROUDED) TYPE. Box Fins are used 
on all high-level bombs and are the type most commonly 
seen, generally being secured to the bomb body by a locking 
ring. RING, or SHROUDED, FINs are used on depth bombs, and 
are attached to the bomb body by bolts. 

The bomb casing is loaded through a Base FILLING PLUG 
which is usually staked in to prevent subsequent removal. 
The bomb is suspended from the releasing device by susPEN- 
sIon Lucs which are welded to the casing, except on armor- 
piercing and depth bombs, which have the suspension lugs 
bolted on. Most bombs have both pousLE and sINGLE sus- 
pension lugs, located 180° apart on the bomb body. Double 
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lugs are spaced 14 inches apart on all bombs up to 1,600 
pounds and 30 inches apart on all bombs of 2,000 pounds or 
over. : 

Bombs are hoisted into or onto aircraft by one of three 
methods: noistine Lugs, which are welded or bolted to the 
casing; HOISTING BANDs, which are secured around the bomb, 
and which have a hoisting lug welded to the band; and 
HOISTING SLINGS, which are steel cables used extensively by 
the Navy for hoisting Army-designed bombs. 

Nore: In this chapter, and in the chapters following, the 
designation AN will be applied to many types of ordnance 
and armament equipment and munitions. AN means 
ARMY-NAVY and indicates that an item has been stand- 
ardized for joint use by both the Navy and Air Force. The 
letter M behind the AN (AN-M66) shows the item was 
an Army Air Forces (now U. S. Air Force) development. 
A Navy-developed item is indicated by Mk or Mark behind 
the AN, such as AN-Mk 230. Subsequent modifications to 
an Army (or Air Force) developed item are indicated by 
the letter A, followed by a number ; for example, AN-M66A1 
would indicate a first modification, AN-M66A2 the second 
modification. and so on. Modifications to a Navy-developed 
item are indicated by Mod (modification) followed by a 
number, such as AN-Mk 230 Mod 0, which would be the 
original design, AN-Mk 230 Mod 1, the first modification, etc. 

Some of the internal components of bombs, in addition to 
the main burster charge, are listed below: 

1. Fuze seat LINER—a metal sleeve, threaded internally to 
receive a fuze and used in the nose of Navy and Air Force 
bombs, and the tail of Navy bombs. It does not contain an 
integral explosive charge. 

2. AUXILIARY BOOSTER (pellet-type)—a removable booster 
charge which fits into the fuze seat liner of Navy-type 
bombs. 

3. AUXILIARY BoosTER (tube-type)—a plastic tube filled 
with booster explosive. It is installed during the loading 
process and is not removable, being encased in the main 
charge. It extends from the fuze cavity toward the center 
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of the bomb, and is used in the nose and tail of most Air 
Force bombs. 

4. ADAPTER BOOSTER—a metal sleeve, threaded internally 
and externally, and containing a booster charge in one end. 
The adapter booster is screwed into the base of Air Force 
bombs and is necessary on these because Air Force tail fuzes , 
have no self-contained booster. The fuze is installed in the 
adapter, and on functioning, the primer detonator of the 
fuze explodes the adapter booster which in turn detonates 
the auxiliary booster and the main charge. There are both 
large and small types; the small type takes only Air Force 
fuzes while the large type will accommodate the larger- 
diameter Navy hydrostatic tail fuzes. The large type will 
also take Air Force fuzes by installing an internally threaded 
reducer. A later modification has a hole drilled in it for 
locking to the base plug by means of a locking pin. This 
prevents removal by the enemy when a long-delay fuze is 
installed. 

Bombs are classified according to filler as HIGH-EXPLOSIVE, 
CHEMICAL, PRACTICE, and DRILL. Explosive bombs are classi- 
fied according to use aS GENERAL PURPOSE (GP), ARMoR- 
prercine (AP), seMi-ARMor-PIERCING (SAP), peprH (DB), 
and FRAGMENTATION. 

The part of a bomb that does the damage is the explosive 
filler. If it is known what percentage of the weight of the 
bomb is taken up by the explosive charge, it can be fairly 
well determined what the bomb will do. This ratio of the 
weight of the explosive to the total weight of the bomb is 
known as the oapine Facror. If the total weight of a bomb 
is 1,000 pounds, for example, and 500 pounds of this weight 
is explosive, the bomb’s loading factor is 50 percent. 

Bombs in service are marked to indicate type, weight, 
model, filler, lot number, loading plant, and date loaded> 
They are also painted a basic color representing the general 
type of filler. 

GENERAL-PURPOSE BOMBS 


General-purpose bombs, formerly known as demolition 
bombs, are used for the destructive effect caused by (1) blast, 
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fragments, and vacuum pressures created by above-surface 
explosions, and (2) the mining effect, or earth shock, result- 
ing from the detonation of buried bombs. GP bombs range 
in size from 100 pounds to 2,000 pounds and resemble each 
other closely. The cylindrical body tapers in an ogive to the 
nose, and in a straight cone to the base plug closing the tail 
end. It has box tail fins and fuze cavities fore and aft. 

The loading factor of a GP bomb is fairly large—approxi- 
mately 50 percent. The standard filler is TNT, although 
amatol and Composition B have been used in the past during 
shortages of TNT. The GP bomb has fair penetration and 
good fragmentation, and is used for attacks on unarmored 
vessels, submarines, aircraft, personnel, and most ground 
targets. The metal case is strong enough not to rupture on 
impact with normal soil when released from high altitudes, 
but it might fail on impact with heavy armor or high- 
strength reinforced concrete structures. 

The GP bomb casing has sides from 14- to 14-inch thick, 
with heavier nose and tail sections. Its maximum penetra- 
tion is approximately 34-inch of armor plate, and it will 
penetrate several decks of an unarmored ship or several floors 
of an ordinary building. 

Both nose and tail fuzes are used in GP bombs (with the 
possible exception of the 100-pound bomb), the secondary 
fuze serving as insurance against malfunction. Insranta- 
NEous fuzes are used when maximum blast damage is desired, 
while pELay fuzes are used to produce a mining effect. For 
emergency attacks on submarines or for other depth-bombing 
purposes when regular depth bombs are not immediately 
available, a hydrostatic tail fuze may be installed in some 
bombs to detonate at a preset distance beneath the surface. 

A special type of GP bomb is the tigut-casr bomb, which 
is similar to the standard GP but designed to carry a maxi- 
mum explosive charge. The loading factor of a light-case 
bomb is in excess of 75 percent and, since the strength of the 
case has been sacrificed to maximum charge, it ‘cannot be used 
for penetration but must be fuzed for instantaneous detona- 
tion. The light-case bomb is seldom used by the Navy. 
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General-purpose bombs are painted olive drab with black 
lettering and numbers. Those filled with TNT or amatol 
have a yellow nose band and tail band. Those filled with 
Composition B have two yellow tail bands in addition to the 
nose band. One of the tail bands has “COMP. B” stenciled 
on it. 

Brief descriptions of the most commonly used general- 
purpose bombs follow. 


100-Pound GP Bomb AN-M30A1 


This bomb is made of either forged or cast steel and con- 
tains 53.7 pounds of TNT; the complete bomb weighs 109.5 
pounds. Assembled, it is 40.3 inches long and 8.2 inches in 
diameter. It has both double and single suspension lugs 
which are welded on, and nose and tail fuze cavities. There 
is a tube-type auxiliary booster in the nose and a small-type 
adapter booster in the tail, which will take only Air Force 
tail fuzes. The most commonly used fuzes are AN-M103A1 
(nose) and AN-M100A2 (tail). It has a staked-in base fill- 
ing plug and a locking-pin hole in the adapter booster. 


250-Pound GP Bomb AN-M57A1 


This bomb is made of forged or cast steel and is filled with 
124.6 pounds of TNT. The complete bomb weighs 260.9 
pounds, is 47.8 inches long, and the body is 10.9 inches in 
diameter. It uses the same fuzes as the 100-pound GP bomb, 
and has both nose and tail tube-type auxiliary boosters. A 
small-type adapter booster is installed and asa result only Air 
Force type fuzes may be used in the tail. It has a staked-in 
base filling plug and a hole drilled in the adapter booster for 
a locking pin. (See fig. 3-1.) 


500-Pound GP Bomb AN-M64A1 


This bomb is also made of forged or cast steel and is 
normally loaded with 266.0 pounds of TNT. The total 
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Figure 3-1.—250-pound GP Bomb AN-M57A1. 


weight of the bomb is 457.4 pounds. It is 59.2 inches in 
length, and the body is 14.2 inches in diameter. It has both 
single and double suspension lugs welded on. It is generally- 
fuzed with the AN-M103A1 nose fuze and the AN-M101A2 
tail fuze, and has nose and tail tube-type auxiliary boosters. 
In the tail is installed a large-type adapter booster with re- 
ducer sleeve to accommodate both Air Force and Navy type 
fuzes. The base plug is staked in place and both adapter 
booster and reducer sleeve may be locked in place. 


1,000-Pound GP Bomb AN-M65A1 


This bomb follows the general description of other GP 
bombs. It is filled with 545.2 pounds of TNT and weighs 
a total of 1,052.8 pounds. It is 69.5 inches in overall length 
and the body is 18.8 inches in diameter. It is usually fuzed 
with the AN-M103A1 nose fuze and the AN-M102A2 tail 
fuze, and has tube-type auxiliary boosters fore and aft as 
well as a large-type adapter booster. As in other GP bombs 
designated A1, base plug and adapter booster are locked in. 
Double or single suspension may be used. (See fig. 3-2.) 
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Figure 3-2.—1,000-pound GP Bomb AN-M65A1. 
2,000-Pound GP Bomb AN-M66A1 


. The total weight of this bomb is 2,088.3 pounds, of which 

1,097.2 pounds is TNT. Construction is like other GP. 
bombs, including double and single welded-on suspension 
lugs. The bomb is equipped with nose and tail tube-type 
auxiliary boosters and a large-type adapter booster with 
reducer sleeve for Air Force fuzes. Both base plug and 
adapter booster and sleeve are locked in place. The fuzes 
normally used are the AN-M103A1 nose fuze and the AN- 
M102A2 tail fuze, although several others may be used if 
desired. The bomb is 92.8 inches overall in length and the 
body is 23.3 inches in diameter. The double suspension lugs 
are spaced 30 inches apart. 








SEMI-ARMOR-PIERCING BOMBS 


In appearance the SAP bomb resembles the GP but has 
a thicker case and a correspondingly smaller amount of 
explosive. Most SAP bombs are now loaded with picratol, 
although TNT and amatol have been used. When either 
TNT or amatol is used as a filler, the bomb has a wax pad 
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in the nose to cushion the filler from impact and for this 
reason a nose fuze, if used, is not likely to function properly. 
SAP bombs have fuze cavities fore and aft, but a nose fuze 
is very seldom used because the impact against armor is too 
great to permit proper functioning. The nose fuze cavity is 
normally filled with a steel plug. When a nose fuze is used, 
it is generally the AN-M103A1, but nose fuzing is recom- 
mended only in cases of emergency when no suitable GP 
bombs are available. The same tail fuzes as are used in 
GP bombs are used in SAP bombs. To allow maximum pene- 
tration they are equipped with various delay primer deto- 
nators. : 

SAP bombs are painted olive drab with a yellow nose and 
tail band. Letters and numbers are black. 

Brief descriptions of two common SAP bombs follow. 


500-Pound SAP Bomb AN-M58A2 


This is a cylindrical bomb 57.8 inches long, with a body 
11.8 inches in diameter. The complete bomb weighs 536.5 
pounds and the picratol filler weighs 143.1 pounds. It is 
made of cast or spun steel and is somewhat more streamlined 
than a GP bomb. The sides of the casing are 114 to 2 inches 
thick with nose and tail sections 21% to 3 inches thick. The 
casing has double and single welded-on suspension lugs. No 
auxiliary boosters are used but a small-type adapter booster 
is installed in the tail which will take Air Force fuzes only. 
The tail fuze used is usually the AN-M101A2 and, subject 
to the conditions noted earlier, the AN-M103A1 nose fuze 
may be installed after removing the steel nose plug. The 
AN-M58A1 SAP bomb was so designated to indicate a 
strengthened nose section, while the A2 designation indicates 
a staked-in base plug and a hole drilled in the adapter booster 
for a locking pin. 


1,000-Pound SAP Bomb AN-M59A1 


Construction of the 1,000-pound bomb is similar to the 
550-pound SAP bomb. This bomb weighs 1,033.9 pounds, 
of which 312.6 pounds is picratol filler. Overall length is 
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70.4 inches, and body diameter is 15.1 inches. The casing 
has double and single welded-on suspension lugs. There is 
a tube-type tail auxiliary booster and a small-type adapter 
booster. The Al designation indicates a staked-in base plug 
and adapter booster drilled for a locking pin. The tail fuze 
usually employed is the AN-M102A2, with delay primer 
detonator. The casing is proportionately thicker than that 
of the smaller 500-pound SAP. (See fig. 3-3.) 





Figure 3—3.—1,000-pound SAP Bomb AN-—M59A1. 


ARMOR-PIERCING BOMBS 


The armor-piercing bomb has been developed for use 
against the heaviest deck armor of modern battleships and is 
used in either dive or horizontal bombing. A heavy case is 
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provided, with a long ogival nose section, heat-treated for 
greater strength. The outer surface of the bomb is machined 
to relative smoothness to reduce air resistance, and AP 
bombs are invariably long in comparison to their diameter. 

Because of the heavy casing, the AP bomb has a very low 
loading factor of about 15 percent. The main charge is Ex- 
plosive D (ammonium picrate) which is insensitive enough 
to withstand the impact against heavy armor. As AP bombs 
have a very heavy solid steel nose, they are fuzed in the tail 
only ; the only fuze authorized is the \ N-Mk 228 with a fixed 
0.08-second delay. 

An AP bomb has relatively little blast effect and does most 
of its damage by fragmentation. The heavy case shatters 
into several hundred pieces of metal and, while this may be 
less damaging than blast effect, it is nevertheless quite effec- 
tive. Another effect of the. low loading factor is that the 
AP bomb has practically ne near miss” or mining effect. A 
GP bomb detonated in the ¥atter near a ship will generate a 
wave of pressure through the water which will do great 
damage to the hull, while a similar detonation of an AP bomb 
has little effect. 

_ If an AP bomb is used against unarmored or lightly 
armored vessels, it is likely to pass entirely through the tar- 
get before exploding. A hit on a target often gives very 
little external evidence such as smoke or flash,.ag.detonation 
occurs deep in the interior of the target, and ‘th ustomary 
indications will not be visible immediately. 


1,000-Pound AP Bomb AN-Mk 33 


This bomb is 73.0 inches in overall length and has a body 
12.0 inches in diameter. It weighs 1,000 pounds and is filled 
with 140 pounds of Explosive D. The designators, Mods 1, 
2, and 3, of the AN-Mk 33 indicate different manufacturers 
and not design changes. Double and single suspension lugs 
and the hoisting lug are bolted to the bomb body. The body 
itself is made of machined steel with sides 4 to 6 inches thick, 
while the nose and tail sections are 8 to 10 inches thick. The 
nose section is heat-treated. This bomb is fuzed in the tail 
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Figure 3—4.—1,000-pound AP Bomb AN—Mk 33. 


only, using the AN-Mk 228 fuze. A pellet-type auxiliary 
booster is installed in the fuze cavity. This bomb uses 14- 
inch suspension. (See fig. 3-4.) 


1,600-Pound AP Bomb AN-Mk 1 


As with the AN-Mk 33, various modification numbers of 
this bomb indicate only different manufacturers. The bomb 
is 83.5 inches long overall and has a body 14.0 inches in di- 
ameter. It weighs 1,590 pounds and has a filler of 209.0 
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pounds of Explosive D. Construction and other details are 
the same as the AN-Mk 33 except that tapped holes are pro- 
vided for 30-inch suspension if desired. The casing is also 
proportionately thicker. A pellet-type auxiliary booster is 
installed in the fuze cavity and the AN-Mk 228 tail fuze is 
used. ‘ 

Painting and markings are the same as indicated for SAP 
and GP bombs. 


DEPTH BOMBS 


The aircraft depth bomb is a bomb designed for attacking 
submarines or underwater targets and was widely used dur- 
ing World War II. In the past they have ranged in size 
from 325 pounds to 700 pounds, but the only one used at 
present is the AN-Mk 54 Mod 1, weighing 350 pounds and 
loaded with HBX-1. It will be discussed later. 

Depth bombs have a loading factor of about 70 percent 
and are armed either for impact or underwater explosion at 
a preset depth. Depth-setting is usually done before take- 
off, although on some aircraft it is possible to change settings 
in flight. The setting range is from 25 to 125 feet. 

The desired effect of a depth bomb is to create a pressure 
wave against underwater targets, and a concussion great 
enough to crush the hull plates of the target is the result. 
Depth bombs may be fitted with both a nose impact fuze and 
a tail hydrostatic fuze, but both should be used only when 
the aircraft has selective arming so that either fuze may be 
armed as desired. In this manner, advantage may be taken 
of the discovery of a surface target by arming the nose im- 
pact fuze. By leaving the nose fuze safe and only the hydro- 
static tail fuze armed, an attack against a submerged sub-. 
marine may be made. 

The nose fuze generally used is the AN-M103A1, and the 
only hydrostatic fuze used is the AN-Mk 230 and Mods. 
When a nose fuze is used, it must be set on “instantaneous” 
as any delay would allow the very light bomb casing to rup- 
ture before detonation could take place, and a special arming 
vane must be used. The blast effect from a depth bomb is 
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slightly greater than that from a GP bomb of the same 
weight due to the higher loading factor. 

Depth bombs are cylindrical and have flat noses to prevent 
ricochetting when released at low altitudes and high speed. 
The flat nose explains why a special arming vane must be 
installed on the nose fuze. 

Impact with the water from high altitudes can crush or 
warp the bomb body and distort the fuze cavities, causing a 
malfunction. As a result, depth bombs must be released 
from comparatively low altitudes. 





Figure 3—5.—350-pound Depth Bomb AN—Mk 54 Mod 1. 
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Depth bombs are painted olive drab with yellow nose and 
tail stripes. Markings on bombs having HBX-1 fillers are 
red, while older bombs with Torpex fillers have blue 
markings. 

350-rounD DerrH Bomsp AN-Mk 54 Mop 1 is made of thin 
sheet metal, is flat-nosed, and has fuze cavities fore and aft. 
Pellet-type auxiliary boosters are used in both fuze seat 
liners. The bomb is 52.5 inches in overall length, has a body 
13.5 inches in diameter, and is filled with 248 pounds of 
HBX-1. It has a ring type tail which is bolted on, and 
double and single suspension lugs, also bolted on. Each bomb 
is shipped with two screw-in hoisting lugs, and the body has 
seven tapped holes about the circumference. By positioning 
the lugs in the necessary hole or holes, any hoisting condition 
can be met. 


FRAGMENTATION BOMBS 


Fragmentation bombs cause destruction primarily by the 
bursting of their cases. The cases of these bombs are so con- 
structed that, upon detonation, they break up into hundreds 
of fragments which will destroy personnel, animals, and light 
material targets such as motor transports and aircraft on the 
ground. Fragmentation bombs are fuzed to explode before 
penetration. 

A fragmentation bomb usually consists of a thin steel cyl- 
inder around which is wound a heavy helical steel band. 
When the filler explodes, this coil of steel splinters. 

Fragmentation bombs range in size from 4 to 260 pounds 
and bigger ones are being developed. Smaller bombs are 
usually dropped in clusters of 3, 6, or more. The cLUSTER 
is formed by securing the bombs in a framework, usually 
made of tubing and sheet metal, called a CLUSTER ADAPTER. 
As the-cluster is released from the plane, the bombs separate 
and cover a wide impact area. The releasing device of most 
clusters used by the Navy is entirely mechanical. Clusters 
are generally shipped assembled as complete rounds, with 
individual bomb fuzes already installed, although some 
newer types have fuzes packed with the cluster and not in- 
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stalled. The nomenclature used with clusters is more de- 
tailed than with other types of munitions; the cluster adapter 
itself may have one AN designation, and when loaded with 
bombs, the resulting cluster will have a different AN desig- 
nation. A complete nomenclature gives the WEIGHT CLass 
OF THE CLUSTER, the TYPE OF CLUSTER ADAPTER, the NUMBER. 
WEIGHT, und TYPE OF BOMBS CONTAINED, and, in some cases, 
the Tyre oF Fuzs installed in the bombs. A typical example 
would be: 100-pound Cluster AN-M1A2 with Cluster 
Adapter AN~M1A3 and six 20-pound Fragmentation Bombs 
AN-M41A1 with Fuzes AN-M158. 

Fragmentation bombs are stabilized with either tail fins 
for high-level use or a parachute for low-level attacks. As 
the parachute-type bombs leave the cluster, the parachutes 
open and the bombs descend slowly. These bombs can be 
dropped from altitudes as low as 70 feet ; without parachutes 
at this low altitude the launching plane would be directly 
overhead as the bombs exploded and the fragments might 
destroy the aircraft. 

All fragmentation bombs 120 pounds and larger are both 
nose and tail fuzed; those smaller are nose fuzed only. 

Fragmentation bombs are painted olive drab. Large 
bombs have yellow nose and tail stripes while small ones 
have nose and tail painted yellow. Markings are in black. 


4-Pound Fragmentation Bomb AN-M83 


This is the only bomb of this type used today, and is a 
development of a similar German bomb used with consider- 
able success, especially in the North African Campaign of 
World War II. It is the only fragmentation bomb used 
which has a TNT filler and has no helical steel outer band. 
The bomb is cylindrical, with a cast steel body containing 
approximately 4% pound of TNT. The fuze is set into the 
body, and has a cable extension on which the bomb case 
assembly (butterfly wings type) is mounted. When the 
bomb is released from the cluster, the butterfly wings open by 
spring action and, because of their construction, begin to 
rotate, arming the fuze and slowing the descent. This bomb 
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is often referred to as the “butterfly bomb” because of its 
appearance while falling. 

Fuzes used in these bombs are installed during manufac- 
ture and no attempt to remove them must be made. Three 
fuze designations are used, each with a different action, and 
each cluster usually contains bombs fuzed with all three 
types. Fuzes used are: 

1. M129, which is set to detonate either in the air or upon 
impact with the ground. The aerial burst is not used by 
the Navy. 

2. M180, a delay fuze, which is preset to detonate either 
10, 20, 30, 40, 50, or 60 minutes after impact. 

3. M131, an antidisturbance fuze. After initial impact 
with the ground, any attempt to move the bomb will result 
in immediate detonation. 





Figure 3-6.——4-pound Fragmentation Bomb AN—M83 (closed and open). 


This bomb is always cluster loaded in one of two types 
of cluster. One is the 100-pound size Cluster AN-M28A2, 
which is the Cluster Adapter M15A2 loaded with 24 AN-M83 
bombs. This cluster is already packed when received and 
requires only fuzing by the ordnanceman. Total weight of 
this cluster is approximately 119 pounds. The other cluster 

- used is the 500-pound size Cluster AN-M29A1, which is the 
Cluster Adapter M16A1 loaded with 90 bombs. This cluster 
adapter is shipped empty, along with the bombs, which are 
packed in “wafers” of 10 each. These “wafers” are loaded 
into the cluster by the ordnanceman, taking care to follow 
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the proper prescribed procedure. This cluster weighs 415 
pounds complete, and both clusters have provisions for 
either double or single suspension. 

The fuze used in these clusters is the Mechanical Time 
Fuze AN-M146 which contains a charge of black powder 
sufficient to open the cluster, and which has a variable delay 
of 5 to 92 seconds. When used with either of the clusters 
mentioned above, the delay used is 5 to 8 seconds. Due to the 
dispersal of the bombs, the maximum release altitude is 5,000 
feet, with a fuze delay of 8 seconds, and minimum release 
altitude is 2,000 feet with a fuze delay of 5 seconds. The 
cluster will then open at approximately 1,500 feet. 


20-Pound Fragmentation Bomb AN-M41A1 


This is a high-level bomb stabilized by fins and generally 
carried six to a cluster. It is cylindrical, 22.3 inches long 
when fuzed, and the body is 3.6 inches in diameter. The 
filler is approximately 3 pounds of Composition B with TNT 
surrounds, and the body is wrapped with a helical steel band. 
The Al modification of this bomb indicates the addition of 
a shoulder at the nose of the bomb to provide a bearing for 
the cluster adapter so the clustered bombs can be shipped 
unfuzed. Nose fuze AN-M158 or AN-M110A1 is used in 
this bomb. 

Six AN-M41A1 bombs are carried in the 100-pound Frag- 
mentation Bomb Cluster AN-M1A2. The older clusters 
used the Cluster Adapter AN-M1A2, in which the bombs 
were shipped fuzed, while later clusters use the AN-M1A3 
Cluster Adapter which permits bombs to be fuzed just before 
use. Functioning of both types is the same. 

The bombs are supported in the cluster adapter, and each 
three bombs are encircled by a steel strap which is secured 
at one end to the adapter. These straps hold the bombs se- 
curely in the adapter. When suspended from a bomb rack 
or shackle, the arming wire holds the strap clamps closed 
until the cluster is released armed. Upon release, the cluster 
falls away, the arming wire pulls out, the strap clamps open, 
releasing the straps, and the individual bombs fall free. 
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Until this moment, bomb fuze arming vanes are prevented 
from rotating by the vane stops in the cluster adapter. If 
the cluster is releaséd unarmed, or “safe,” the cluster retains 
the arming wire, and bomb fuze vanes are prevented from ro- 
tating and arming. 


23-Pound Fragmentation Bomb AN-M40A1 


This is a low-level bomb whose body is identical to that of 
the AN-M41A1 but which is stabilized by parachute. It is 
carried in clusters of three. While fragmentation, filler, 
and body specifications are identical to the AN-M41A1, the 
overall] length of the fuzed bomb is 30.0 inches, the increase 
being due to the parachute and container. It weighs ap- 
proximately 25 pounds complete. The fuze used with this 
bomb is the Nose Fuze AN-M120A1, which is armed by 
mechanical time action 1.9 seconds after the parachute opens. 
A1 designation indicates that a shoulder has been added to 
the bomb, as with AN-M41A1. (See fig. 3-7.) 

The parachute is eight feet in diameter and is slit down one 
side to prevent oscillation or swinging as the bomb descends. 


PULL WIRE = CLUSTER SUSPENSION LUG 
CLUSTER ARMING WIRE <— FAHNESTOCK SAFETY CUPS 
ADAPTER AN-M3 







NOSE FUZE AN-MI20A1 
~ FUZE ARMING WIRE 







STEEL STRAP 
PARACHUTE CASE 


BOMB SUSPENSION LUG. | PARACHUTE 
EXPLOSIVE ‘COUPLING. 
FUZE WELL CUP BASE CLOSING PLUG. 
CASING 


FRAGMENTATION BOMB AN-M40A} 


Figure 3-7.—Fragmentation Bomb Cluster AN-M4A1 with Fragmentation Bombs 
AN-M40A1, 
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The fuze arming wire is attached to the parachute in such 
a manner that, as the parachute opens, the arming wire mall 
be withdrawn, allowing the fuze to arm. 

These bombs are loaded into the Cluster Adapter AN-M3, 
which consists of two longitudinal steel tubes welded to five 
supports. Three suspension lugs are available for single or 
double use. Welded to the upper member are two mechan- 
ical release mechanisms which allow the two steel straps 
which hold the bomb to open. Three rests and five springs 
are attached to the lower member ; the springs aid in ejecting 
the bombs from the cluster. 

The complete cluster is designated 100-pound Fragmen- 
tation Bomb Cluster AN-M4A1, and may be fuzed just prior 
to use instead of shipped with fuzes installed. It weighs ap- 
proximately 88 pounds. When released armed, the cluster 
arming wire pulls out of the releasing mechanisms, opening 
the steel straps. The springs in the adapter assist in sepa- 
rating the bombs from the cluster. The rear of the para- 
chute container falls away, and a cardboard disk beneath it, 
which is attached to the parachute, acts as pilot chute and 
draws the parachute from the container. As the parachute 
opens, it draws the fuze arming wire out of the fuze, thus 
allowing it to arm. 

The bombs strike the ground in a vertical attitude and 
fuze action is extremely rapid. 


260-Pound Fragmentation Bomb AN-M81 


This is a high-level fin-stabilized fragmentation bomb. It 
is 43.7 inches in overall length and weighs approximately 262 
pounds. The body is 8.1 inches in diameter and has about 
36 pounds of Composition B with TNT surrounds as a main 
charge. (See fig. 3-8.) 

The box-type tail fins are held on by a locking ring, and 
either double or single suspension may be used. Both nose 
and tail fuzes are used: Nose Fuze AN-M103A1 (instan- 
taneous) and Tail Fuze AN-M100A2 (non-delay). The tail 
fuze cavity has a small-type adapter booster installed. This 
bomb is never cluster loaded. 
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Figure 3-8.—Sectional view 260-pound Fragmentation Bomb AN—M81. 


220-Pound Fragmentation Bomb AN-M88 


This bomb is similar in construction to the AN-M81 and 
exactly like it in external dimensions. However, the 
AN-M88 is made up of 34-inch bar steel wound around a 
¥%-inch larger diameter internal steel case. The larger ex- 
plosive cavity of the AN-M88 contains 41.4 pounds of Com- 
position B with TNT surrounds. In this bomb, the ideal 
ratio of amount of explosive to size of outer steel band has 
been reached. 


CHEMICAL BOMBS 


Chemical bombs are classified according to filler as Gas, 
SMOKE, Or INCENDIARY. Bombs filled with persistent or non- 
persistent gas have not been used during hostilities but such 
bombs are available if needed. Smoke bombs have not had 
widespread use as they are employed only under special 
circumstances, such as marking a ground target. Incen- 
diary bombs have been dropped in great numbers, and the 
ordnanceman will be called upon to handle large numbers of 
the various types when serving in a combat area. Small 
incendiary bombs are generally carried in clusters and large 


59 


ones are dropped individually. Small incendiary bombs are 
extremely effective against cities when dropped in sufficient 
numbers. Over 28 million were dropped in Europe and 
more than 19 million were dropped on Japan in World 
War IT. 
The painting and markings code used to distinguish 
chemical bombs is given below: 
1. Nonpersistent gas—body, blue-gray; bands, one green; 
markings, green. 
2. Persistent gas—body, blue-gray; bands, two green; 
markings, green. 
3. Irritant smoke—body, blue-gray; bands, ‘one red; 
markings, red. 
4. Screening smoke—body, blue-gray; bands, one yellow ; 
markings, yellow. 
5. Incendiary—body, olive drab ; bands, one purple; mark- 
ings, purple. 
A brief description of the various types of chemical bombs 
- follows. 
SMOKE BOMBS 


All-purpose Chemical Bomb AN—M47A2 


This bomb, which resembles the 100-pound water-filled 
practice bomb, is made of 4¢-inch sheet steel. It is 48.9 
inches long and the body is 8.1 inches in diameter. A later 
modification, designated AN-M47A3, is identical except that 
the tail fins are 3 inches longer for increased flight stability. 
The total weight of the bomb will vary according to the filler 
used ; this can be gas or oil gel (incendiary use), white phos- 
phorus (smoke), hydrocyanic gas, mustard gas, or phosgene. 

The body of this bomb alone weighs 26 pounds and is 
coated on the interior with oil. A full length burster well 
extends from nose to tail and on impact spreads the filler in 
a circular area around the point of impact. The burster 
charge may be either tetryl or black powder, depending on 
the filler used. Nose fuzing is used, with the AN-M159 
fuze used for instantaneous ground burst, and AN-M146 
fuze used for aerial burst. 
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When used as a smoke bomb, the AN-M47A2 is filled with 
either white phosphorus (WP) or plasticized white phos- 
phorus (PWP). PWP is a mixture of white phosphorus 
and synthetic rubber in xylene, and has less tendency to pillar 
(form vertical columns) than has WP. On impact, the 
burster scatters the filler over a circular area 30 to 50 yards 
IN RApIvs, producing an effective white smoke screen for 1 
to 2 minutes when WP is used and 8 to 5 minutes using 
PWP. When loaded with PWP the burster used is tetryl, 
and is 37.5 inches long by 0.75 inch in diameter. All other 
bursters used in this bomb are 37.5 inches by 1.0 inch. 

The AN-M47A2 Chemical Bomb has box fins and may use 
either single or double suspension. 


100-Pound Floating Smoke Bomb Mk 3 Mod 0 


This bomb is used for its screening effect in amphibious 
assaults and consists of an aluminum nose casting which 
carries the smoke charge, a hollow wood float to provide buoy- 
ancy, and a box-fin tail assembly with drag plate. It is 48.5 
inches long, 10.25 inches in diameter, weighs 102 pounds and 
contains 59 pounds of HC smoke mixture. Two movable 
suspension bands are provided and either single or double 
suspension may be used. 

A water-impact Fuze Mk 3 Mod 1 is installed in the nose 
when shipped; if desired, an adapter can be installed on 
the fuze to permit functioning on land impact. The Mk 3 
Mod 0 Smoke Bomb produces a dense white smoke for 6 to 
10 minutes. It must be dropped from an altitude of not less 
than 500 feet. When dropped from 5,000 feet or over, water 
depth must not be less than 40 feet. Below 1,500 feet, water 
depth must be 10 feet or more. The fuze incorporates a 
delay of 18 seconds to enable the bomb to return to the sur- 
face before commencing to smoke. 


50-Pound Floating Smoke Bombs Mk 1 Mod 1 and Mk 1 Mod 2 


These bombs are similar to the Mk 3 Mod 0 in all respects 
except size. They are 38.3 inches in length, 8.85 inches in 
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diameter, weigh 54 pounds and contain 28 pounds of HC 
smoke mixture. Fuzing and suspension is identical with 
the Mk 3 Mod 0. Mk 1 Mod 1 burns 3 to 5 minutes while 
Mk 1 Mod 2 burns 6 to 7.5 minutes. 


10-Pound HC Smoke Bomb M77 


The M77 consists of a steel HEXAGONAL case 2.9 inches 
across the flats and 19.5 inches long. It weighs 13 pounds 
and is filled with 9.5 pounds of HC smoke mixture. The 
bomb has no stabilizing device and therefore uses the “all- 
ways” type Tail Fuze M150 which will function regardless 
of angle of impact. It will produce smoke for 8 to 20 min- 
utes, and is for use over land only. 

Clusters of this bomb are shipped assembled, and the Fuze 
M150 is kept in safe position by an arming pin, which is held 
in place by the adjacent bomb in the cluster. When the 
cluster is released and the individual bombs fall free, the 
arming pin of each fuze jumps out. 

Caution: ONcE THE ARMING PIN JUMPS OUT, THE FUZE IS 
ARMED AND ANY ATTEMPT TO REINSERT IT MAY CAUSE THE FUZE 
TO FIRE. 

Smoke Bombs M77 are assembled in three types of 
clusters ; 

1. 100-rpounp QuicK-OrEninG CiusTeER E44 of 14 10-pound 
Smoke Bombs M77, which is very similar in operation to the 
fragmentation bomb clusters described earlier. This cluster 
uses the Crusrer Aparrer M4 and the complete cluster 
weighs 193 pounds. 

2. 500-pounp ArmasLe CiustER E67 of 38 10-pound Smoke 
Bombs M77, which uses Ciusrer Apaprer M23. Aimable 
clusters are designed for high-altitude precision bombing 
and are equipped with box-type tail fins and an aerial-burst 
delay fuze which opens the cluster a predetermined distance 
above the ground. 

3. 500-pounp AIMABLE CLUSTER E62 of 38 10-pound Smoke 
Bombs M77, which uses Custer ADAPTER E6R2. 
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WAR-GAS FILLED BOMBS 


The three service types of gas-filled bombs, in addition to 
the all-purpose chemical bomb AN-M47AQ2, are the 115-pound 
M70, 500-pound AN-M78, and 1,000-pound AN-M79. Each 
of these bombs has a full length burster charge to split the 
bomb case and disperse the filler. 


115-Pound Chemical Bomb M70 


This bomb uses mustard (H) as a filler, although white 
phosphorus (WP) or gas gel can be used if desired. It is 
48.7 inches in length, the body is 8.1 inches in diameter, the 
filler (mustard) weighs 57.1 pounds, and the complete bomb 
weighs 122.5 pounds. It resembles conventional bombs 
and has box fins. It is fuzed in the nose with either the M158 
or the AN-M110A1 nose fuze. This bomb is painted blue- 
gray, with the two bands and markings in green. 


500-Pound Chemical Bomb AN-M78 


Closely resembling the 500-pound GP bomb, the AN-M78 
is 59.25 inches long with a 14.0-inch diameter body. As sup- 
plied, it is filled with one of three types of gas: Phosgene 
(CG), hydrocyanic acid (AC), or cyanogen chloride (CK). 
Depending on the filler, total weight will vary from 383 to 488 
pounds. A number of different nose fuzes are authorized for 
this bomb and aerial or ground bursts may be obtained. Tail 
fuzes used are AN-M101A1, AN-M101A2, or M161. An 
adapter booster is used. 


1,000-Pound Chemical Bomb AN-M79 


Like the AN-M78, this bomb is a modified GP bomb. It 
is 69.5 inches long, 18.6 inches through the body, and weight 
varies with the filler. The bomb as supplied is filled with 
hydrocyanic acid (AC) giving a total weight of 707 pounds, 
or phosgene (CG) giving a total weight of 926 pounds. An 
adapter booster is used and fuzing is the same as the AN-M78 
except that AN-M102A1 or A2 are used in the tail. 
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INCENDIARY BOMBS 


There are two general types of incendiary bombs: the 
small intense-heat bombs of magnesium; thermate, and 
similar materials which burn with such heat that they can 
cut through steel decks; and the oil-gel dispersal type, 
usually a larger bomb which explodes on contact and throws 
small sticky particles of burning material over a large area, 
starting many fires. 

Small bombs of both types are always carried in clusters, 
while the larger oil gel bombs are carried on either single 
or double suspension racks or shackles. 


4-Pound Incendiary Bomb AN-M50A2 and AN-M50XA2 


This is an intensive-type incendiary bomb which is al- 
ways carried in clusters holding from 34 to 128 bombs. It 
has a hexagonal body, is 21.3 inches in length, 2.9 inches 
across the flats, and weighs 3.7 pounds, The main charge con- 
sists of 1.25 pounds of magnesium alloy (the bomb body) and 
0.63 pounds of thermate. The tail is a hollow hexagonal steel 
shell which is identical to the body in outward appearance, 
and the nose of the body is closed with an iron plug which 
makes the bomb nose-heavy to aid stability in flight. 

A simple impact fuze is installed in the after end of the 
body and this fuze is held safe by a safety plunger which is 
depressed by the adjacent bomb in the cluster. When the 
cluster opens, the plunger jumps out and the fuze is armed. 
On impact, the fuze striker detonates the primer which 
ignites a first-fire mixture, which in turn ignites the thermate. 

AN-M50XAQ2 is the same as AN-M50A2 described above 
except that the iron nose plug is replaced by a steel shell con- 
taining a delay element, a detonator, and a tetryl bursting 
charge. This bomb burns for about 1.5 minutes at which 
time the delay element is ignited. The burning delay element 
provides a delay ranging from a few seconds to several 
minutes and explodes the detonator which explodes the 
charge and projects fragments of the steel shell and particles 
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Figure 3—9.—4-pound Incendiary Bomb AN—M50XA2. 


of burning magnesium. This antipersonnel effect dis- 
courages fire-fighting attempts following an attack. (See 
fig. 3-9.) 


6-Pound Incendiary Bomb AN—M69 and AN—M69X 


This is an oil-gel filled dispersal-type incendiary which 
is always carried in clusters. It has a hexagonal sheet steel 
body 19.5 inches long and 2.9 inches across the flats. The 
main charge is 2.8 pounds of gelled gasoline and an ejection- 
igniter charge of 0.4 ounce of black powder and magnesium. 
The total weight of the bomb is 6.0 pounds. The fuze used 
is Bomb Fuze M1, installed in the nose and impact-function- 
ing with a 3- to 5-second delay to permit penetration. (See 
fig. 3-10.) 

The case is closed at nose and tail by sheet steel cups. The 
nose cup contains the fuze, the ejection charge, and a dia- 
phragm. The tail cup serves as an attachment and container 
for four 54-inch gauze streamers which stabilize the bomb in 
flight and reduce terminal velocity. The gel filler is con- 
tained in a cheesecloth sock, and on functioning is blowniout 
the rear of the bomb. 

The fuze is held safe by a safety plunger which is depressed 
by the adjacent bomb in the cluster; upon release from the 
cluster the plunger jumps out and the fuze is armed. 
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The 6-pounp Ixcenpiary Boms AN-M69X is the same as 
the AN-M69 except that a small amount of the gel filler is 
replaced with 4.5 ounces of tetryl. After ejection of the in- 
cendiary compound the tetry] burster charge detonates and 
shatters the case, creating a fragmentation effect which dis- 
courages fire-fighting operations. < 

These bombs are carried in five types of clusters which are 
described below : 

1. 100-rounp Incenpbiary Bows Cluster AN-M12, which 
uses Ciusrer Apaprer M4 (same adapter as used with Smoke 





Figure 3—10.—6-pound Incendiary Bomb AN—M69, with clusters. 
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Bomb M77). . It holds 14 bombs AN-M69. The bombs are 
held in place in the adapter by four steel straps, which are 
locked into their release buckles by a four-branch arming 
wire. On release, the arming wires pull out, the buckles 
release the straps, and the bombs fall free. Total weight of 
the cluster is 105 pounds. 

2. 500-pounp ArmaBLe InNcENDIARY Bomp CiusteR M19. 
This cluster, and the two following, use the same cluster 
adapters as the 10-pound Smoke Bomb M77 clusters de- 
scribed earlier, and are identical in operation. All three 
hold 38 bombs. The M19 cluster uses Cluster ADaprer M23, 
filled with AN-M69 bombs. 

38. 500-pounp AiMABLE [NcENDIARY BomB CLUsTER M21 
also uses CLusTER ADAPTER M23 but contains AN-M69X 
bombs. 

4. 500-pounp AimaBLe INcENDIARY Bomp CLusTER E28 
uses Cluster Apaprer E6R2 and contains AN-M69 bombs. 


500-Pound Incendiary Bomb AN~M76 


This is a modified 500-pound GP bomb assembly filled with 
180 pounds of gasoline gel-magnesium incendiary mixture. 
The complete bomb weighs 475 pounds, is 59.2 inches in over- 
all length and has a 14-inch diameter body. A burster tube 
using tetrytol extends the length of the body and a white 
phosphorous igniter is used. A number of nose fuzes may be 
used, providing for either ground or air burst, and tail fuzes 
AN-M101A1, AN-M101A2, or M161 are authorized. An 
adapter booster is used. 


NAPALM-FILLED FIRE BOMBS 


Napalm-filled fire bombs were developed during World 
War II after considerable research and testing and have 
proven to be extremely effective not only as purely incen- 
diary bombs, but against troop concentrations, wooden piers, 
wooden surface craft (singly and in concentrations), and in- 
flammable stores. Napalm was formerly carried in modified 
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aircraft droppable fuel tanks, but the need for fire bombs 
has led to the modification of practice bombs for napalm-gas- 
oline filling. One type is teardrop shaped, another is cigar 

‘shaped. For maximum effect, fire bombs are released at low 
altitudes. 

Napalm is an inert metallic soap (aluminum stearate) re- 
sembling sawdust in appearance and its sole function is to 
thicken or gel the gasoline to the proper consistency so that 
the fire has effective intensity, area coverage, and duration of 
burning. A mixture containing too little napalm gives a 
fireball effect and the duration is too short, while too much 
napalm results in ineffective coverage. The standard mix- 
ture now used in all napalm bombs is 94 percent by weight 
of gasoline and 6 percent napalm. Napalm is very hygro- 
scopic and should not be used after absorbing any large 
amount of water. It is shipped in 60-pound drums, and has 
6 to 7 percent anticaking agent added by weight. This 
anticaking agent is magnesium calcium carbonate in 50-50 
proportions. 

Fire bombs are provided with two suspension lugs, spaced 
14 inches apart. The suspension lugs are attached to an 
inner support for additional strength. 

Fire bombs are not sturdy enough to be lifted into place 
in the aircraft when they are full of napalm. The bomb is 
installed on the rack and then filled with the mixture. Once 
a bomb is filled it cannot be disassembled, it must be used 
or destroyed. 

Detailed instructions for mixing the gasoline gel and 
filling the bomb are given in OP 1361. 

Instructions for fuzing and arming are included in OP 
1280. 

PRACTICE BOMBS 

Practice bombs, as the name indicates, are used to simulate 

the ballistic properties of service-type bombs for target 


practice. They are of two general types: the miniature 
practice bomb made of cast iron or lead antimony alloy, and 
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the full-scale practice bomb made of sheet metal and filled 
with water or wet sand. 

Practice bombs are painted black, with white markings. 
No bands are painted on the body. 

Miniature practice bombs are made in 2 sizes and 3 
weights, ranging from 3 to 13 pounds. All of them use a 
signal which fires on impact and enables the pilot to de- 
termine the exact striking point. The puff of white smoke 
created by the signal device is visible up to 14,000 feet in 
altitude. This signal, the AN-Mk 4, is discussed more 
thoroughly in chapter 7. 





Figure 3-11.—3.0-pound Miniature Practice Bomb AN-Mk 23 Mod 1. 


The AN-Mk 23 Mod 1 is a 3.0-pound miniature bomb, 
made of cast iron, and is 8.25 inches long by 2.2 inches in 
diameter. The complete round consists of the body, firing 
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pin and cotter pin assembly, and AN-Mk 4 signal. It is 
used in a low-altitude and dive bombing practice, and musr 
nor be used against armored-deck target boats. (See fig. 
3-11.) 

The 4.5-pounp Miniature Pracrice Bomp AN-Mx 48 
Mop 1 is the alternate bomb for the 3.0-pound miniature and 
is for use against armored-deck target boats. It has the same 
dimensions as the AN-Mk 23 Mod 1 but is made of lead anti- 
mony alloy. It should not be used for general practice as the 
supply is limited due to the material used. 

The 13-rounp Mrnrarure Pracrice Bomp Mx 19 and 
Mobs is for high altitude horizontal bombing practice and is 
made of lead antimony alloy with sheet steel fins. It weighs 
13 pounds, less the signal, is 13.1 inches long, and 2.6 inches 
in diameter. It uses the same signal as the smaller minia- 
ture practice bombs. 
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LUG FOR SINGLE SUSPENSION 


Figure 3—12.—100-pound Practice Bomb Mk 15 Mod 2. 


The larger water or sand filled practice bombs range from 
100-pound to 2,000-pound size and are constructed of sheet 
steel. They roughly resemble GP bombs and are shipped 
empty. When filled with wet sand they compare in weight 
with service bombs. They are relatively fragile and must be 
handled with care as the fins are easily bent, resulting in an 
erratic flight path. These bombs all have a filler cup at or 
near the nose. The 100-pound bomb has both double and 
single suspension lugs while the larger bombs have only 


70 


double lugs. They may be used for all types of bombing 
practice, and signals may be used if desired. 
Water and sand filled practice bombs are: 
100-pound size, Mk 15 
500-pound size, Mk 65 
1,000-pound size, Mk 66 
2,000-pound size, Mk 67 


Drill Bombs 


Drill bombs are used for the training of ground and flight 
crews in assembling, fuzing, unfuzing, and general handling 
of bombs, and for practice loading and unloading into and 
from aircraft. Drill bombs and their components are com- 
pletely inert and usually consist of a standard bomb casing 
filled with plaster, cement, or other inert material, together 
with tail assembly and other parts comprising the complete 
round. Drill bombs weigh approximately the same as the 
corresponding service bomb and are painted olive drab with 
one nose band and one tail band in yellow. Markings are 
black, and include in large letters the words DRILL 
(INERT). Drill bombs are not expendable and may not be 
used as practice bombs. 


SAFETY PRECAUTIONS FOR BOMBS 


These safety precautions are general in scope; complete 
safety precautions pertaining to any particular type of am- 
munition or explosive may be found in the various publica- 
tions dealing with the specific subject. 

In handling munitions the ordnanceman must be 100 per- 
cent right every time; there are no half-way measures which 
are either safe or effective. The old saying “familiarity 
breeds contempt” is particularly applicable here, for if the 
ordnanceman in time comes to regard the munitions with 
which he works as just so much material to be loaded or un- 
loaded, he is apt to overlook some of the ever-necessary pre- 
cautions which must be observed. The great majority of 
service accidents in munitions can be traced directly to 
human error or carelessness. 
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Table 3—1.—Painting and Marking of Bombs. 








Bomb 


Body { 
| 


Bands 


Marking (letters 
and numbers) 





High-explosive (GP, 
Demo., AP, SAP, 
Frag 1) Filled with 
TNT, Explosive D, 
amatol or tritonal. 


Filled with Com- 


Olive drab_ - 


Nose: One 1’’ | Black. 


yellow. | 
Tail: One 1” 
yellow. 





Olive drab__ 


Nose: One 1’’ | 


Black COMP. 


























position B. yellow. 
Tail: Two 1’ B stenciled on 
| yellow. ~" one tail 
| band. 
Depth. --2 ---2-22< | Olivedrab._| Nose: One 1’’ Torpex: Blue. 
yellow. ‘ 
Tail: One 1’. HBX: Red. 
yellow. TNT: Yellow. 
Practice. ..---------- Black--_-_-- None. _-_---- White. 
Drills. 22 S2es8es< Olive drab_.| Nose: One 1’’ | Black DRILL 
yellow. | (INERT). 
| Tail: One 1’ 
yellow. 
Chemical _ _---------- | ae aes Nose, tail and | 
i center. 
Nonpersistent gas_._; Blue-gray__| One green_...' Green. 
Persistent gas_ - | Blue-gray--| Two green. Green. 
Trritant smoke__-.-.| Blue-gray--| One red__---., Red. 
Screening smoke_---| Blue-gray--| One yellow. -_; Yellow. 
Incendiary-------.- Olive drab_-| One purple... Purple. 











1 Small fragmentation bombs: nose and tail painted yellow (no bands): olive drab. 





The great hazard with bomb-type ammunition is not so 
much from instability or deterioration of the explosives, but 
from the enormous destructive effect of the accidental deto- 
nation of one round followed by instantaneous detonation of 


all rounds nearby. 
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Bombs must be handled with extreme care and must not be 
subjected to rough treatment in any handling operation. 
Thin case bombs, such as depth bombs, must be handled 
especially carefully to avoid dents in the casing. 

Live loaded bombs must never be used to check the func- 
tioning of bomb racks, shackles, or other release mechanisms. 

Bomb-type ammunition must be stored separately from 
other ammunition, and where possible, each type, such as 
torpedo warheads, depth bombs, mines and bombs, should 
be stowed by itself. 

Munitions filled with TNT should be frequently inspected 
for exudation and, if éxudate is present, it must be removed 
immediately by means of the authorized solvents. 

Bombs should be stored in the metal crates or shipping 
bands in which they are shipped. Particular care must be 
taken that bombs do not become rusty or corroded, and if 
they do, the affected parts must be carefully cleaned and 
painted. 

Aircraft smoke bombs and incendiary bombs are classi- 
fied as pyrotechnics and must not be stored in magazines 
with explosive bombs. Auxiliary boosters, not assembled 
with detonators, may be stored in the same crates with bombs. 

Practice and drill bombs must not be stored in the same 
magazine with explosive bombs. 

Before installing fuzes in bombs, the fuze cavity threads 
shall be carefully inspected and wiped clean. Where pellet- 
type auxiliary boosters are required, a check should be made 
that boosters are installed in the correct number. 

During assembly of bombs, al] bolts must be used on bombs 
having bolt-on tail fins. When a fin locknut is used, it must 
be securely tightened. 

Bomb clusters are more likely to be damaged by rough 
handling than individual bombs. They must be handled 
with more than ordinary care when they contain fuzed 
bombs. In this category are some small fragmentation 
bombs, all small incendiary bombs, and the Smoke Bomb 

- M77. 


Chemical bombs filled with poisonous gas are extremely 
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dangerous to handle and special stowage and shipping pro- 
cedures apply to all toxic-loaded bombs. Hanp.ine or pis- 
ASSEMBLY SHOULD NOT BE ATTEMPTED except by authorized and 


competent personnel who are adequately protected by gas ~ 


masks and special clothing and equipment where necessary. 

Miniature practice bombs with signals installed are also 
extremely dangerous. In this condition these bombs are 
always armed and, if dropped, there is a good possibility of 
explosion. The resulting smoke and flame can burn person- 
nel or damage aircraft, and in some cases the bomb body is 
shattered, resulting in serious injury., In installing the sig- 
nals in the bombs, the signal musr nor be forced in place, 
and the loaders MusT NoT PLACE THEIR HEADS IN LINE WITH 
THE NOSE OR TAIL OF THE BOMB. 

Arming wires must be free from kinks, burrs, dirt, and 
corrosion. They must be installed correctly in order to func- 
tion properly on safe or armed drops and safety (Fahne- 
stock) clips must be used in the correct number. Where an 
arming wire bracket is required, it must be correctly posi- 
tioned on the fuze, the arming wire protective tube installed, 
and the bracket securely tightened to the fuze. 

Suspension lugs should be examined for any damage which 
might weaken the lug or its attachment to the bomb body. 


AIRCRAFT MINES 


One of the first military applications of gunpowder was 
its use in setting off a stationary charge under the enemy be- 
fore he knew he was in danger. This could be done by 
secretly digging beneath an enemy position and planting the 
charge, or by planting the charge where he was expected to 
go. The term MINE was applied to the charges because the 
technique was similar to that used in metallurgical mining. 

Mines became really important in the Russo-Japanese War 
of 1904-05 when both sides used them liberally. The Rus- 
sians not only pioneered in the development of the contact 
mine but specialized in minelaying as their principal naval 
technique. Mines were widely used in World War I, par- 
ticularly in the defense of Great Britain. 
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During World War II aerial minelaying became one of 
the major offensive operations in the Pacific, and almost 
every type of bombing plane was used. Mines were used 
to block enemy harbors and sink enemy ships; defensive 
mines were laid to prevent enemy infiltration of harbors and 
sea lanes. In the course of the war 25,000 mines of all types 
were laid by the United States, of which 85 percent were air- 
craft mines. These aircraft mines sank 650,000 tons of 
shipping and damaged another 1,400,000 tons; the total ton- 
nage sunk and damaged represents one quarter of the prewar 
strength of the Japanese merchant marine. It may be read- 
ily seen why minelaying is one of the principal missions of 
naval aviation. 

In general, mines which fall within the cognizance of the 
Navy may be classified in three different ways: (1) by their 
position in the water, (2) by their types of firing mechanisms, 
and (3) by the type of launching craft used to plant them. 
Mines may be planted by sURFACE CRAFT, SUBMARINES, OR 
atrcrAFT. This text is concerned only with atRcRAFT MINES. 

By their position in the water, mines fall into three classes : 
DRIFTING, MOORED, and GROUND mines. The DRIFTING MINE 
classification includes all types which are not attached to or 
resting on the bottom. They are so named because they float 
on the surface, or just below it; the latter type is kept in 
position by the action of a buoyancy chamber and a hydro- 
static mechanism. This type is known as an OSCILLATING 
MINE because of its tendency to bob up and down in its at- 
tempt to maintain its set depth. Drifting mines have a con- 
tact-type firing mechanism, and are laid ahead of enemy 
ships, or in ocean currents or rivers where they will drift 
toward some focal point of enemy shipping. 

Moorep mines, as the name implies, have a positive buoy- 
ancy and are secured toan anchor. They are usually moored 
some distance below the surface, shallow enough to be deto- 
nated by a passing ship but deep enough to render visual 
detection difficult. Aircraft mines in the moored class are 
equipped with an influence-type firing mechanism, although 
those laid by other methods may have contact-type or shore- 
controlled firing devices. 
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GrounpD MINES are laid in relatively shallow water where 
they sink to the bottom and lie there. For intercepting 
submarines they may be laid in deeper water. Because of 
its weight the ground mine does not need an anchor, and the 
firing mechanism is always of the influence type. The great 
majority of aircraft mines are ground mines. 

By the type of firing mechanism used, mines again fall 
into three classes: CONTACT, CONTROLLED, AND INFLUENCE 
types. Conracr types require that the ship actually come in 
contact with the mine or a float connected to it in order to 
detonate the charge. The type most likely to be encountered 
operates on the principle of the simple primary electric cell. 

ConTROLLED MINES have their firing mechanisms operated 
electrically from a distance, and are used in harbor and shore 
defense mine fields. The operator simply fires the mine 
under the enemy ship and leaves the others intact. Air- 
craft mines are obviously never of this type. 

INFLUENCE CONTROLLED firing mechanisms may be fur- 
ther broken down into maenetic (M-type), acoustic (A- 
type), and pressure types. Magnetic influence mines are of 
the pDIP-NEEDLE or INDUCTION type and are operated by the 
changes in the earth’s magnetic field caused by the approach 
of a vessel, the needle type being best for use against slow 
ships while, the induction type is best for use against fast 
ships. 

The acoustic MINE is operated by an enclosed microphone 
which picks up the sound waves generated by the rotating 
screws or other machinery of nearby ships. A counter- 
mining device prevents detonation caused by the shock of 
explosions set off in attempts to sweep acoustic mines. 

The pressure MINE is detonated by a decrease in the pres- 
sure of the water surrounding it, which ordinarily is caused 
only by a large ship passing over it. The pressure type firing 
mechanism is used in conjunction with a magnetic-influence 
mechanism and this combination makes countermeasures al- 
most impossible. 

Most aircraft mines use parachutes to stabilize their flight 
and to decrease their impact velocity, thus allowing release 
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from higher altitudes than those mines which have no para- 
chutes. The parachute is opened by means of a static line 
which is attached to the aircraft. A release mechanism al- 
lows the parachute to separate from the mine upon impact 
with the water. 

A CLOCK DELAY MECHANISM prevents firing until the mine 
has become submerged a preset time. Another clock is some- 
times used to sterilize or dearm the mine after a selected 
period. A hydrostatically operated cLock srarter starts the 
clock delay mechanism when subjected to sufficient pressure. 
The EXTENDER MECHANISM is a pressure-operated device 
which holds the detonator away from the booster until proper 
depth is reached. 
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Figure 3—13.—Cutaway view of typical mine and accessories. 


Soluble washers, or arming cells, may be used with cleck 
starters and extenders to delay arming for periods ranging 
up to three days. When these devices are not used, most 
starters and extenders operate when a depth of 16 feet is 
reached. 

Another delay device often used is the sutr cou 
requires the near presence of a predetermined number of 
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ships to actuate the mine firing circuit before the mine ac- 
tually explodes. 

The choice of proper combination of these features and de- 
lays is dependent upon planting conditions and is directed 
by the officer in charge of mining operations. 


SERVICE AIRCRAFT MINES 


The following brief descriptions of current service air- 
craft mines are general in nature. Complete -descriptions 
and instructions will be found in the Ordnance Pamphlet or 
other publication dealing with the mine in question. 

Mine Mx 10 Mop 9 is a parachute-equipped moored mine. 
It uses a magnetic influence dip-needle firing device and con- 
tains 420 pounds of TNT. Total assembled weight is 1,800 
pounds. This mine has a flat nose; the anchor is in the 
forward section. 

Mine Mx 13 Mon 6 is a parachute-equipped ground mine 
which uses an acoustic influence firing mechanism. The 
total assembled weight is 1,045 pounds of which 675 pounds is 
HBX-1. It is approximately 76 inches long, 20 inches 
through the body, and resembles a GP bomb. It has a round 
nose and 4 tail fins in addition to the parachute, which is 6 
feet in diameter. 

Mrxe Mx 19 Mop 2 is a relatively small drifting mine of 
the oscillating type. It has no parachute, being stabilized 
in flight by fins only. It weighs 550 pounds and contains 
190 pounds of HBX-1. It uses a contact type firing mecha- 
nism of the impact-inertia type. In appearance it resembles 
a depth bomb and has a flat nose, but smaller tail fins. 

Mines Mx 25 Mons 0, 1, and 2 are large parachute-equipped 
ground mines. They are alike in external appearance, dif- 
fering mainly in types of firing mechanisms and total 
weights, and all contain 1,200 pounds of HBX-1. Overall 
length, including parachute pack, is approximately 87 inches 
and diameter is 221% inches. The case is cylindrical with a 
tapered tail section and half the nose is flat while the other 
half slants aft. A 6-foot parachute is contained in a pack 
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at the tail. Mx 25 Mop 0 mine uses a magnetic influence 
induction type firing mechanism and weighs 1,920 pounds. 
Mx 25 Mop 1 uses an acoustic influence firing mechanism and 
weighs 1,870 pounds. Mx 25 Mop 2 uses both magnetic in- 
duction and pressure type firing mechanisms and weighs 
1,930 pounds. All three of the above may or may not have 
the cylindrical outline of the nose filled out with a thin metal 
fairing which is torn off when the mine strikes the water. 

Mine Mk 26 Mop 1 is obsolescent and is mentioned here 
only because the remaining supply is classified for service. 
It is a parachute-equipped ground mine using a magnetic 
induction firing device. It is approximately 69 inches long, 
181% inches in diameter and weighs 1,060 pounds. The main 
charge is 520 pounds of Torpex. The nose is rounded and 
the 6-foot parachute is attached to the end of the tapered 
tail section. 

Mines Mk 36 Mops 1, 2, and 3 are replacing the Mk 26 
Mod 1. Mines Mk 36 Mods 1, 2, and 8 are alike in external 
appearance and differ mainly in firing mechanisms used and 
total weights. They are approximately 71 inches long and 
1814 inches in diameter, cylindrical in shape with a tapered 
tail section and a half-straight, half-slanted nose. Like the 
Mk 25 mines, the cylindrical outline of the nose may be filled 
out with a thin metal fairing that is torn off when the mine 
strikes the water. All three modifications use a 6-foot para- 
chute attached to the tail. 

Mk 36 Mop 1 has a magnetic induction firing mechanism, 
is loaded with 600 pounds of HBX-1, and weighs 1,040 
pounds. Mk 36 Mod 2 has an acoustic influence firing mech- 
anism, weighs 1,020 pounds, and is loaded with 600 pounds 
of HBX-1. Mk 36 Mod 8 has both magnetic induction and 
pressure type firing mechanisms, weighs 1,065 pounds, and 
is loaded with 600 pounds of HBX-1. 

Mine MK 39 Mop Ois a large ground mine using a magnetic 
induction firing mechanism. It does not have a parachute 
but is fin stabilized. The total weight is 1,990 pounds and 
it is filled with 925 pounds of HBX-1. This mine has a flat 
nose which is filled out to a semipoint with a plastic cover. 
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The tail fins are made of plywood and the case is heavy 
enough to withstand water impact despite the lack of a para- 
chute. 

SAFETY PRECAUTIONS FOR MINES 


The handling of mines is a very specialized job and no 
unqualified personnel should ever attempt disassembly of 
mines or their components. . 

Many of the safety precautions which apply to bombs and 
which have been previously listed also apply to mines and 
must be observed where applicable. 

Detonators must be handled with extreme care, especially 
when they contain fulminate of mercury. 

Mines must be stowed in accordance with Ordnance Pam- 
phlet 5—Ammunition Ashore. They are-assembled by mine- 
men or specially trained ordnance personnel according to 
the current Ordnance Pamphlet or other publication con- 
cerning the particular mine. 

Detonators are stowed in a separate magazine and never 
with other types of munitions. 

When a mine is jettisoned safe, the arming wires remain 
in the clock starter and booster extender, thereby preventing 
them from operating after the mine is submerged. How- 
ever, the arming wires may be wiped off the mine when it 
strikes the water, hydrostatic pressure or countermining 
shock may shear the wires, or they may corrode and break 
after extended submergence. Therefore, No MINE CAN BE 
JETTISONED SAFE IN WATER LESS THAN 800 FEET DEEP WITH 
POSITIVE ASSURANCE THAT IT- WILL NOT CONSTITUTE A HAZARD. 
Depths greater than 800 feet will'crush or flood the mine case, 
rendering the mine inoperative. 

Such preflight handling of mines as is done by Aviation 
Ordnancemen will follow the same general handling tech- 
niques as for bombs or torpedoes of comparable size. 


READYING AND LOADING OF MINES 


A mine issued at a depot is assembled for service, except for 
battery, parachute, arming wires, detonator, hydrophone 
(if used), sterilizer, and soluble washers. At advance bases, 
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mine assembly usually includes the installation of batteries 
and hydrophones. 

A mine-warfare crew is responsible for the proper testing 
and installation of the sensitive influence mechanisms used in 
firing, and the mineman’s preloading overall checks cover 
these and other operating components. In general, the Avia- 
tion Ordnanceman is not concerned with testing or installa- 
tion of the above units, but is responsible for the following: 

1. In some cases, proper installation of the electrically 
fired detonator in the extender mechanism. 

2. Proper installation of arming wires in clock starter and 
extender. The arming plate or swivel loop of the arming 
wire is inserted in the arming-wire hook of the rack or 
shackle, or into the arming control used ; the other end of the 
wire is run through the hole provided in the mechanism, and 
the correct number of Fahnestock clips are slipped on the 
wire and run up against the mechanism. 

3. Proper installation of the parachute pack on the mine. 
The moisture-proof aluminum foil in which parachute pack 
containers are wrapped must not be broken or removed until 
the pack is installed. Care must be taken to protect the para- 
chutes from moisture as they are severely weakened by wet- 
ting and may split under the impact of opening. 

4. Proper installation of the mine in the rack or shackle, 
or in the bomb bay. This is done by regular bomb loading 
methods using the necessary hoist (or hoists) and hoisting 
band (or sling if used) except for assembling and securing 
the arming wires and the parachute static line. 

Many mines have movable suspension and hoisting lugs 
which may be located to suspend the mine in the proper posi- 
tion. Others have more than one set of lugs secured to 
mounting pads which are welded to the case for the same 
reason. On the latter type, the unused lugs may foul the 
sway braces of a bomb rack or the shackle release units below 
the mine station in a bomb bay. In this case the unused lugs 
should be removed. 

Suspension may be 14-inch or 30-inch, depending on the 
size of the mine, and some mines may use either. In many 
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aircraft large mines are suspended on steel slings as are tor- 
pedoes and large bombs. 

The parachute pack is secured to the mine in accordance 
with the instructions in the Ordnance Pamphlet or other 
publications dealing with’the specific mine. After suspen- 
sion, the static line which opens the parachute upon release 
is secured to the aircraft structure; most mine-carrying air- 
eraft have a static line D-ring permanently installed for this 
purpose. ; 

Arming wires may be installed either before or after mine 
installation, depending on rack or shackle construction and 
convenience in performing the operation. 


QUIZ 
1. Give the five classifications (according to use) of explosive bombs. 
2. The loading factor of a bomb is the ratio of ~--------- to 
3. The loading factor of a GP bomb is approximately ~--_ percent. 


4, The 2,000-pound General Purpose Bomb AN-M66A1 has suspen- 
sion lugs spaced ~--_-----_ apart. 


5. Where is a semi-armor-piercing bomb normally fuzed? 
» What basic color are the bodies of all explosive bombs painted? 


5. 

6. 

7. Why do depth bombs have flat noses’ 

8. Low-level fragmentation bombs are stabilized by_-__-----_-. 
9. 


. Chemical bombs are classified by filler as_-__.----- DBs Beto 
or . ee 





10. According to their position in the water, the three classes of 


mines are -_--_--___ pacers ese, ANG soso ocs oe. 
11. The majority of aircraft mines are of the --.-___--- class. 
12. Most aircraft mines use ------- _. to stabilize their flight. 


13. The clock starter and extender mechanisms are operated by 


14. What are the three types of influence firing mechanisms used on 
aircraft mines? 


15. Care must be taken to protect mine parachutes from ~-----~---. 


CHAPTER 


BOMB FUZES 


A fuze may be defined as a device for causing the detona- 
tion of an explosive charge.at the proper time after certain 
conditions have been fulfiJled. It is a mechanical device and 
should not be confused with another type used in explosives. 
This latter type Fuse is a slow burning cord intended to 
convey fire to an explosive charge slowly and without danger 
to the person lighting it. Fuses are mostly used commer- 
cially; a good example is a dynamite fuse. 

This chapter deals only with amrcRaFT BOMB FUZES; the 
other types of fuzes commonly encountered by the Aviation 
Ordnanceman—rocket and projectile fuzes—will be dis- 
cussed in the chapters on rockets and gun ammunition. 

Fuzes in general are classified by LocaTION, EFFECT ON 
EXPLOSIVE FILLER, and TYPE OF FUNCTIONING. 

1. Location 

a. Pornt or NosE fuzes are located at the forward’end 
of the bomb, rocket head, or projectile. Used in projectiles, 
they are known as point fuzes, while in bombs or rocket heads 
they are called nose fuzes. 

b. Base or rau fuzes are installed in the after end of 
the bomb, rocket head, or projectile. In projectiles and 
rocket heads they are referred to as base fuzes and in bombs 
as tail fuzes. 

2. EFFECT ON EXPLOSIVE FILLER 

a. Deronatine fuzes are designed to produce a shock 
effect for setting off high-explosive fillers. The great ma- 
jority of fuzes used or handled by the ordnanceman are of 
this type. 
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b. Ienit10n fuzes produce a flame for igniting explosives 
sensitive to flame, such as black powder. The fuzes used in 
some smoke and incendiary bombs are of this type. 

3. TYPE OF FUNCTIONING 

a. Impacr fuzes function upon impact of the bomb, 
rocket, or projectile. 

(1) InstanTaNEOUS ok NON-DELAY fuzes detonate im- 
mediately ; they may be either nose or tail fuzes. Tail non- 
delay fuzes, due to their type of operation, are but slightly 
slower in functioning than nose instantaneous fuzes. 

(2) Dexay fuzes detonate a predetermined time after 
impact. The delay is accomplished by means of a black 
powder or similar explosive train in sHorT-pELAY fuzes, and 
by means of chemicals or lead shear wires in LONG-DELAY 
bomb fuzes. Short-delay fuzes may be either nose or tail 
types, but those incorporating a long delay are always tail 
fuzes. | 

b. MecHanicat Tm fuzes are often referred to as aerial 
burst fuzes and are so named because they have a clockwork 
mechanism which detonates the fuze after a preset time of 
fall. Earlier time fuzes used a slow-burning powder train 
but this type is no longer used by the Navy for bomb fuzes. 
The mechanical time bomb nose fuze will detonate on impact 
should it occur after the fuze has armed and before the clock 
has time to complete its operation. 

c. Hyprosratic fuzes require water pressure to actuate 
the firing device, and also require a certain amount of air 
travel before the hydrostatic mechanism will function. 
They are used in depth bombs or in GP bombs when used 
against underwater targets. 

d. Proximity (or VT) fuzes contain miniature combi- 
nation radio transmitters and receivers, and are always lo- 
cated in the nose. They detonate before impact when any 
substantial object is detected a predetermined distance away. 

Bomb fuzes are designated by numbers; Army-designed 
fuzes are numbered from 100 to 199 while Navy-designed 
fuzes are numbered from 200 to 299. All Navy fuzes are 
safe for carrier landings and takeoffs; some Army-designed 
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fuzes are not. Standardized fuzes which fit all AN standard 
bombs have the prefix AN. Like bombs, the letter M pre- 
ceding the assigned number indicates an Army-designed fuze 
while Mk or Mark shows the fuze was developed by the Navy. 

To be classified as carrier-safe, fuzes must meet certain 
qualifications. Nose fuzes must have a delayed arming time 
and usually a broken firing train in the unarmed condition. 
Tail fuzes must have only a delayed arming time although 
some also have a broken firing train. A fuze is ARMED when 
it is set to explode; when set Nor to explode it is said to be 
saFE. When the pilot of an aircraft (or the flight crew ord- 
nanceman, as the case may be) arms the bomb load, he sets 
the releasing devices or arming controls so that the fuzes 
will be free to function or arm as the bombs fall, thus per- 
mitting detonation at the proper moment. Different fuzes 
require different amounts of air travel before arming is com- 
pleted; some fuzes arm very rapidly while others require a 
considerable fall. 

The FUNCTIONING TIME of a fuze is the time it takes the fuze 
to detonate after impact. An mnsTanTANEovs fuze will det- 
onate in 0.0003 second or less, a NON-DELAY fuze will deto- 
nate in 0.0008 to 0.0005 second, and a peLay fuze takes more 
than 0.0005 second to detonate. 

The firing train of an InsTANTANEOUs nose fuze consists of 
@ STRIKER (or firing pin), DETONATOR, BOOSTER LEAD-IN, and 
BoosTeR. Note that the initiating device for a high ex- 
plosive is usually called a peronator; for a low explosive it 
is called a primer. However, in some cases, the two words 
are used interchangeably. 

The firing train of a pELay nose fuze consists of a STRIKER, 
@ PRIMER, & DELAY ELEMENT of low explosive which is ignited 
by the primer, a RELAY FLEMENT when needed to pass the 
flame from the delay element, a peronaTor which is exploded 
by the flame from the delay element, a BoosTeR LEAD-IN, and 
the BoosTER. 

Nose fuzes and Navy tail fuzes contain a booster charge 
within the fuze body, while Army-designed tail fuzes contain 
only a primer detonator. The tail booster charge in Army- 
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designed bombs is contained in the adapter booster dis- 
cussed in chapter 3. 

Both nose and tail fuzes have two general methods of 
arming: ARMING VANES and ARMING PINS. The ARMING VANE 
type requires air travel to turn the vanes, thus lining up the 
explosive train (in nose fuzes) and unlocking the striker 
or firing pin. The arMINe PIN type holds the striker locked 
(and a safety block in place in nose fuzes) until the bomb 
is released armed. As soon as the arming wire pulls out of 
the arming pin, the pin jumps out and the fuze is armed. 
The arming pin type is not carrier safe when a means of 
delaying the arming is not incorporated. 

As already mentioned, Army-designed tail fuzes contain 
only a primer detonator, the booster being installed in the 
bomb. A PRIMER DETONATOR consists of a PRIMER, DELAY ELE- 
MENT (except for non-delay action), and DETONATOR as- 
sembled into one interchangeable unit. A fuze may be 
equipped with any one of several optional delay or non-delay 
primer detonators. 

Fuzes are identified by the information marked on the 
shipping container and stamped on the fuze body. They 
may be further identified by inspection. Army-developed 
rapid-arming tail fuzes, for example, are distinguished from 
slow-arming types by the rod which extends forward from 
the arming head along the arming stem for about 1.5 inches. 
Slow-arming fuzes have this rod (or CARRIER STOP PIN) 
while it is absent on the fast-arming type. Fuzes of one 
series—that is, those having the same mechanism and action 
but designed for bombs of different sizes—are distinguished 
among themselves by the length of the arming stem. Special- 
purpose fuzes, such as the hydrostatic, have a distinctive 
appearance and method of operation. 

An ARMING WIRE is used to prevent the fuze from arming 
until the bomb is released. The arming wire is then retained 
by the shackle, rack, or arming control; the other end pulls 
out of the fuze permitting the arming device to function. 
Should the bomb be released safe, the arming wire will pull 
out of the suspension mechanism or arming control and fall 
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with the fuze, thus preventing arming. Navy arming wires 
are made of 0.064-inch phosphor bronze wire, one end of 
which is secured loosely to a flat rectangular metal plate. 
This arming plate is cut out to receive the arming hook or 
solenoid plunger of the rack, shackle, or arming control. 

Air Force arming wires are of the same diameter as Navy 
arming wires but are made of brass. In addition, a smaller 
diameter (0.036 inch) is used in some fuzes. Air Force 
arming wires do not have the arming plate but employ a 
swivel loop for the same purpose. Both Air Force and Navy 
arming wires use safety (Fahnestock) clips to hold the wire 
in the fuze and generally two clips are used. They should 
be run up snug against the fuze. As a general rule, from 
two to three inches of wire should extend beyond the fuze 
after installation, although instructions for some fuzes 
specify a greater amount. 

The arming distance required for arming vane type fuzes 
is given in feet of air travel. This distance varies as to 





Figure 4—1.—Bomb Nose Fuze AN—M103. 
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speed of the releasing aircraft and size of the bomb. Amr 
TRAVEL refers to the distance traveled along the trajectory or 
are described by the bomb as it falls from the releasing air- 
craft toward the surface and should not be confused with 
VERTICAL FALL. Vertical fall is defined at the verTICAL pDIs- 
TANCE between the point of release and the point where the 
fuze becomes fully armed, and will always be less than the 
air travel. When the arming distance in air travel is known, 
the vertical fall required can be computed for any combina- 
tion of speed and dive angle by using the graphs available in 
certain publications dealing with fuzes, such as Ordnance 
Pamphlet 988—Bomb Fuzes. 

There are many bomb fuzes classified for service use and 
it is beyond the scope of this text to describe or even list all 
of them. However, this chapter will give general data on 
most fuzes encountered by the Aviation Ordnanceman and 
will describe the operation of representative types most 
commonly used. 


NOSE FUZES 
Bomb Nose Fuze AN-M103A1 


The AN-M103 nose fuze shown in figure 4-1 is a typical 
detonator-safe, arming vane-operated impact fuze. It has 
been superseded by the Al modification, but the basic opera- 
tion is the same. The only difference is that the later fuze 
designated A1 has been provided with additional safety fea- 
tures and hence is safe for carrier use. These additional 
safety features will be discussed later. 

The AN-M103A1 can be used in all bombs of 100-pound or 
greater size which use a nose fuze except Chemical Bombs 
AN-M47A2 and M70. It has an external setting pin provid- 
ing either instantaneous functioning or a 0.1-second delay. 
When installed in a 100-pound GP bomb, the air travel re- 
quired for arming is 510 feet for delay action and 765 feet 
for instantaneous action. Larger bombs require greater air 
travel to arm. 


The standard arming vane is 6 inches long, and has 2 blades 
with 60-degree pitch. If the standard vane is used on a fuze 
installed in a flat nose 350-pound depth bomb, the fuze will 
arm, but due to the ballistically poor shape of the depth bomb 
and the resulting disturbed air flow around the flat nose, 
2,500 feet of air travel is required. 





Figure 4—2.—Bomb Nose Fuze AN—M103 unarmed. 


However, a special arming vane is available for use with 
flat nose depth bombs which is the same size as the standard 
vane but whose blades have a 30-degree pitch. One of these 
vanes is included with each 350-pound Depth Bomb Mk 54 
and should be used on the nose fuze when installed. An 
AN-M103A1 nose fuze installed in a depth bomb and 


89 


biatizesty GOOTe 


equipped with the special arming vane will arm in 1,800 feet 
of air travel. 

Operation of the fuze is as follows (refer to figs. 4-2, 4-3, 
and 44): 

The fuze contains four interrelated systems: arming, delay 
selecting, firing, and the explosive train. 

The arming system consists of the arming vane (1), vane 
cup (2), reduction gears (3), arming screw (4), and safety 
disks (5). The arming vane, reduction gears, and arming 
screw are assembled in one unit with the vane cup; the safety 
disks are held between the flange of the striker (6) and the 
fuze body by the vane cup. When the arming vane is rotated 
by the air stream, the arming screw unscrews from the striker 
body carrying the vane gears and vane cup with it. Because 
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Figure 4—3.—Bomb Nose Fuze AN—M103 armed for delay action. 
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of the reduction gears, the vane turns 6514 revolutions to 
every complete turn of the arming screw. When the vane 
cup has progressed one-fourth inch the safety disks are re- 
leased. Positive ejection is insured by a flat spring assem- 
bled within the circle of disks. The arming vane continues 
to rotate until the arming screw has progressed one-half inch. 
Then the entire assembly becomes disengaged from the fuze 
and falls free. 

The delay selecting system consists of the detonator slider 
(7) which is held in place against spring action by the 
arming stem (8) which in turn is held in place by the arm- 
ing assembly. As the arming screw advances, the arming 
stem follows, driven by its spring (9). When the stem has 
progressed one-fourth inch, it clears the first step of the det- 
onator slider which moves to line up the detonator (10) with 
the delay element (11) and booster lead-in (12) of the ex- 
plosive train. If the setting pin (13) is in the delay posi- 
tion, it restrains the arming stem from moving further (fig. 
4-3), and on impact, the fuze functions with 0.1-second de- 
lay. If the pin is set for instantaneous action, the arming 
stem continues to progress until the stem clears the second 
step of the detonator slider and the slider moves to line up 
the: detonator with the instantaneous firing pin (14) and 
booster lead-in (15). Upon impact, the fuze will function 
immediately. 

The detonator is out of line with the other explosive ele- 
ments until the fuze arms: the fuze is detonator safe. 

Nore: Once the fuze arms, the detonator slider cannot 
return to its original position. 

The firing system consists of a cylindrical striker (6) and 
two firing pins, one for the delay train (16) and the other 
(14) for the instantaneous train. A flange at the outer end 
of the striker forms, with the fuze body, a groove which 
contains the safety blocks. The striker is held in place after 
arming by a brass shear pin (17) and the setting pin (13) 
which acts as an additional shear pin. Upon impact, after 
arming, the striker is driven inward shearing the pins and 
driving both firing pins with it. 
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Figure 4—4.—-Bomb Nose Fuze AN—-M103 armed for instantaneous action. 


The explosive train consists of a primer (18), delay ele- 
ment (11), relay charge (19), detonator, booster lead-ins, 
and booster (20). The primer, delay element, and relay 
charge are housed in the fuze body in position to be initiated 
by impact of the delay firing pin. The detonator is assem- 
bled in the detonator slider and the booster is assembled to 
the inner end of the fuze. When the slider is set for instan- 
taneous action, the instantaneous firing pin is driven directly 
into the detonator—which serves as its own primer—and the 
primer, delay element, and relay charge, although they are 
fired by the delay firing pin, are bypassed, and the booster 
is detonated immediately. 
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The Al modification eliminates the possibility of acci- 
dental detonation in crash landings and thus makes the fuze 
safe for carrier usage. In some cases during crash land- 
ings, the vane cup and head of the AN-M103 have sheared 
off, allowing the arming stem to jump out and the slider to 
align itself below the firing pin. On subsequent nose impact, 
the fuze has fired. 

Operation of the AN-M1063A1 is the same as that of the 
AN-M103 except that the arming stem in the A1, in addi- 
tion to bearing against the internal gear, has its collar bear- 
ing against the larger and longer arming screw. In normal 
operation, as the arming screw moves out, the arming stem 
follows it, until the arming stem collar bears against the set- 
ting pin for delay action, or against the top of the cavity 
for instantaneous action. In a crash landing, if the vane 
cup and head shear off, the arming stem nevertheless is held 
by. the arming screw which remains in place; hence the slider 
cannot move over and the fuze will not fire. 

When used in Navy-designed bombs, such as the AN-Mk 
54 depth bomb, a pellet type auxiliary booster must be used 
in the fuze cavity. 

Caution: (1) If the delay arming asarhble. (vane, vane 
cup, and gears) is missing, or has unscrewed from the striker 
far enough to allow the safety disks to be ejected, the fuze 
is armed. (2) If the clearance between the vane cup and 
fuze body is greater than one-eighth inch, the fuze is par- 
TIALLY ARMED. Full instructions in the handling of armed 
and partially armed fuzes may be found in Ordnance Pam- 
phlet 988—Bomb Fuzes. 


Bomb Nose Fuze AN—-M139A1 


This fuze is the same as the AN-M103A1 except for the 
delay which is 0.01 second instead of 0.1 second. 
Bomb Nose Fuze AN-140A1 


This fuze also is identical to the AN-M103A1 except for 
a delay of 0.025 second. 
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Bomb Nose Fuzes M163, M164, and M165 


These fuzes are identical to the AN-M103A1 except that 
they require a much longer air travel to arm and have dif- 
ferent functioning times. They are intended for use in 
bombs. dropped by large formations of planes from high 
altitudes. During World War II, instances occurred where 
bombs dropped from aircraft high in a formation struck a 
plane (and detonated) flying at a lower level in the forma- 
tion. This series fuze is designed to prevent such accidents. 

These fuzes require approximately 1,500 feet of air travel 
to arm for delay and 2,200 feet of air travel to arm for in- 
stantaneous action. 

The M163 is identical to the AN-M103A1 in all respects 
including functioning time Except that it has the arming 
mechanism of the M103 (nonstandardized) fuze. This is a 
LONG ARMING DISTANCE mechanism. All three of these fuzes 
have the vane cup painted yellow to distinguish. them from 
the AN-M103A1. 

The M164 is the same as the M163 except that the delay is 
0.01 second. The yellow vane cup has a 45° black segment 
painted on it to indicate this. 

The M165 is also identical to the M136 except for a 0.025- 
second delay. The vane cup has a 90° black segment. 


Bomb Nose Fuze AN-Mk 243 Mod 0 


This is a water-discriminating vane-operated fuze used as 
an alternate to the AN-M103A1. It is designed to be used 
in conjunction with the Bomb Tail Fuze AN-M100A2 series 
fitted with a 0.24-second primer detonator against marine tar- 
gets. If a direct hit is made against a surface target, the 
AN-Mk 248 (fig. 4-5) will function with a delay of 0.025 
second ; if a near miss occurs, the nose fuze will ram to func- 
tion while the tail fuze will detonate the bomb beneath the 
surface for maximum mining effect. Hydrostatic tail fuzes 
set at 25 feet may be used but are not recommended. 

The principle of operation is that an impact upon the 
striker must be sufficiently severe to shear three brass threads 


94 


and allow the striker to impact the firing pin of the delay ele- 
ment. Drops from 20,000 feet onto water have resulted in 
no fuze action. 

A reduction gear delay arming system is used and approxi- 
mately 450 feet of air travel (130 vane revolutions) is re- 
quired to arm, Caution: If the vane and vane cup are 
missing, or have separated from the vane cup support more 
than one-fourth inch, the fuze must be considered armed. 





Figure 4—5.—Bomb Nose Fuze AN—Mk 243 (unarmed condition). 


Bomb Nose Fuze (Mechanical Time) AN-M146 


The AN-M146 fuze (fig. 4-6) is detonator-safe, combines 
vane and pin arming, and is time and impact functioning. 
The impact feature is for insurance only rather than for 
deliberate selection; it operates only when the time setting 
exceeds the time of fall. The AN-M146 may be set to func- 
tion any time between 5 and 92 seconds after release. It has 
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Figure 4—6.—Bomb Nose Fuze (mechanical time) AN-M146. 


a black powder charge instead of a booster and can be used 
in the photoflash bomb AN-M46, “butterfly bomb” Clusters 
AN-M28A2 and AN-M29A1, and Chemical Bomb AN- 
M47A2 when a black powder burster is installed. 

The fuse consists of a body, which contains the time ele- 
ment and explosive train, and a head, which contains the 
mechanical arming and firing system. The time settings are 
engraved around the base of the head in half-second incre- 
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ments numbered every three seconds, and an index mark for 
time setting is engraved in the body just below the head. A 
thumbscrew is provided to lock the head in position when 
the setting has been made. 

MetHanicat armine.—Refer to figure 4-6. The arming 
vane turns the arming hub assembly, to which the stationary 
gear is secured. The stationary gear drives the pinion or 
idler gear which, in turn, drives the movable gear secured to 
the arming sleeve. As the movable gear lags one tooth each 
revolution, it unscrews the arming sleeve from the hub, 
withdrawing the sleeve from the safety block. The C-shaped 
safety block is held between the striker and the vane nut, 
and has a collar which bears on pins in the vane nut. This 
forces the block to spin with the vane, and when the arming 
sleeve is fully withdrawn by the gear action, the safety block 
is thrown clear by centrifugal force. Mechanical arming 
requires approximately 1,000 feet of air travel. 

The firing pin is now unlocked but is kept from striking 
the detonator by a shoulder on the firing pin which bears 
against a half-round pin. The half-round pin is held in 
place by the time mechanism until the preset time has elapsed. 

Time arminc.—When the arming wire is withdrawn, the 
arming pin is ejected by its spring, freeing the timing disk 
and allowing the time mechanism to function, and the clock- 
work to turn the disk at a uniform rate. After 4144 + 114 
seconds, the arming cam which is secured to the timing disk 
shaft has turned enough to release the arming lever. The 
arming lever unlocks the detonator slider which moves under 
spring action into the armed position where it is locked by a 
detent. 

The timing disk continues to turn until a notch in its 
edge lines up with the timing disk lever. The timing disk 
lever then drops into the notch. This releases the firing 
lever which, in turn, releases the half-round pin. The firing 
pin is spring-loaded, and the spring pressure rotates the half- 
round pin a quarter turn so that the shoulder of the firing 
pin will clear it, thus allowing the firing pin to strike the 
detonator and initiate the explosive train. 
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The timing disk lever is set at the proper distance from the 
notch when the calibrated time ring is rotated to the desired 
time setting. If impact should occur before the set time ex- 
pires, the firing pin will be driven in, shearing the trigger 
mechanism and firing the detonator. In the unarmed posi-* 
tion, the notch in the timing disk is occupied by the arming 
pin (for clarity, the timing disk notch in figure 4-6 is shown 
out of position). Caution: (1) Fuzes which have less 
than one-eighth inch of the arming sleeve visible must be 
considered partially armed. The arming sleeve may be seen 
at the opening of the C-shaped safety block. (2) If the 
safety block is missing, the fuze must be considered armed. 
(3) If the arming pin is missing or partially ejected, the 
fuze must be considered armed. As little as one-tenth of an 
inch outward movement of the pin will let the time mecha- 
nism start. (4) If upon removing the striker stop, after 
threading the arming wire in place, the striker clamps down 
against the safety block, the fuze must be considered armed. 
This will occur if in some manner the firing pin has been un- 
locked or the trigger mechanism sheared by a blow against 
the striker and spring pressure is forcing it downward. If 
the trigger mechanism is intact, there will be a noticeable air 
gap between the striker and safety block. 

When installing the fuze in a bomb, the arming wire must 
be run through the arming pin and bracket nerore the safety 
cotter pin is removed. Otherwise the arming pin will jump 
out as soon as the cotter pin is removed, allowing the time 
mechanism to function. If the safety cotter pin is found 
located in the outer holes of the arming pin bracket, the cot- 
ter pin should be examined to see that it is through the outer 
hole of the arming pin, because when the inner hole of the 
arming pin is opposite the outer holes of the bracket, the 
timing disk has been released. 


Bomb Nose Fuze (mechanical time) AN-M145 


The AN-M145 is essentially the same as the AN-M146 
except that in place of the black powder charge it is fitted 
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with a tetryl pellet and clay pellet booster. It is used in 
certain aimable incendiary bomb clusters. 


Bomb Nose Fuze AN-M158 


The AN-M158 is a detonator-safe fuze designed to replace 
the older AN-M110A1 nose fuze. It is an arming vane 
type, delay arming, impact fuze and is used in the 20-pound 
Fragmentation Bomb AN-M41A1 and the 115-pound Chem- 
ical Bomb M70. The AN-M158 requires about 1,000 feet of 
air travel to arm, functions instantaneously, and is safe for 
landings and takeoffs (including catapulting) anywhere, in- 
cluding the decks of carriers. 

The principle of operation of the fuze is as follows: After 
the arming wire has been withdrawn, or the bomb freed from 
the cluster adapter, the windstream rotates the arming vanes 
and attached arming hub. The upper gear is attached to 
the arming hub and rotates with it. Both upper and lower 
gears mesh with the pinion gear. The lower gear has one 
more tooth than the upper gear; therefore, it lags behind the 
upper gear one tooth for each revolution of the vanes. This 
lagging causes the arming sleeve, to which the lower gear is 
attached, to thread up into the arming hub. The firing 
pin and striker move upward with the arming sleeve, free- 
ing the detonator shutter after about 1,000 feet of air travel. 
The shutter is forced over by its spring, aligning the detona- 
tor with the firing pin and booster lead-in. The shutter is 
held in this armed position by a spring-loaded detent. The 
fuze is completely armed when the shutter moves into the 
armed position. 

On impact the striker forces the firing pin against its 
spring and into the detonator. If dropped safe, the detona- 
tor remains out of line with the firing pin and booster lead-in, 
and even though the fuze is crushed on impact, the booster 
will not detonate. Caution: If the striker has risen more 
than one-fourth inch above the vane assembly, the fuze must 
be considered armed. Ir THE VANES ON AN ARMED FUZE ARE 
TURNED COUNTERCLOCKWISE, THE FUZE MAY DETONATE. 
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Bomb Nose Fuze AN-M159 


This fuze is a detonator-safe fuze for use in the 100-pound 
Chemical Bombs A N-M47 and modifications. 

It is identical to the Bomb Nose Fuze AN-M158 except 
that the booster element has been replaced by a metal holder 
containing a column of tetryl. 


Bomb Nose Fuze AN-M120A1 


Bomb Nose Fuze AN-M120A1 is an arming pin type, det- 
onator-safe, impact fuze. It arms by mechanical time action 
1.9 seconds after the arming pin is ejected and detonates 
instantaneously upon impact. It is used in parachute type 
fragmentation bombs and is carrier safe. 
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Figure 4—8.—Bomb Nose Fuze AN—M120A1. 


In operation, the clockwork mechanism drives a hollow 
cylinder which contains the firing pin and is concentric with 
the axis of the fuze. A peg on the detonator slider bears 
against a cutaway section of this cylinder (the arbor) and 
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holds the detonator slider in the safe position. A shoulder 
on the arming pin also bears against the arbor, preventing 
movement of the clockwork until the arming wire is with- 
drawn and the arming pin ejected. The arming pin extends 
completely through the fuze body and the pin also blocks 
the detonator slider until more than half of the pin is ex- 
pelled. When the arming pin is ejected, the clockwork 
starts and rotates the arbor. After 1.9 seconds the arbor 
clears the peg and the detonator slider is moved by its spring 
so that the detonator lines up with the firing pin and booster 
lead-in. The detonator slide lock prevents any further 
movement of the slider. ONCE ARMED, THE FUZE WILL FUNC- 
TION FROM A BLOW ON THE STRIKER IN ANY DIRECTION. 
Caution: When the arming pin is even partially ejected, 
the fuze should be regarded as EXTREMELY DANGEROUS and 
should be destroyed in place. 


Bomb Nose Fuze M170 


This fuze is identical to the AN-M120A1 except for a 
shorter arming time of 1.5 seconds. Like the AN-M120A1, 
it is extremely sensitive when armed, and since it requires no 
air travel to arm, bombs containing it must be handled with 
extreme care. 

Proximity (VT) Fuzes 


VT bomb nose fuzes are designed to produce air bursts 
automatically. In general, no preliminary setting or ad- 
justment is required, since functioning of the fuze is gov- 
erned only by its proximity to the target. 

These VT fuzes are physically interchangeable with Bomb 
Nose Fuze AN-M103A1. The use of VT fuzes is advan- 
tageous in air-to-ground operation where air bursts at 
heights of 20 to 125 feet above the target increases bomb 
effectiveness, stich as when attacking exposed troops, parked 
aircraft, vehicles, and similar targets. On the other hand, 
these fuzes would be worthless against a target which re- 
quired the bomb to penetrate and explode within for effective 
destruction. 
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There are two basic types of WT fuzes: the rine TYPE, 
characterized by a heavy metal ring around the arming 
vane, and the Bar Type, which has two heavy metal bars ex- 
tending like handles from the fuze nose, as shown in figure 
4-9. Both types have an upper body about 314 inches in 
diameter which extends forward from the bomb about 5 
inches. The lower portion of the fuzes resembles that of 
the Bomb Nose Fuze AN-M103A1. 
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Figure 4—9.—VT Nose Fuze AN-M166—sectioned. 


The height at which the fuze detonates depends upon a 
number of factors, including the nature of the target, the 
bomb-fuze combination employed, and target approach con- 
ditions (bomb striking angle and speed). Bar type fuzes 
generally burst slightly higher than ring type fuzes, and 
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show less variation in burst height as bomb.type is varied. 
Either type when released over average land will function 
in a majority of cases within 20 to 125 feet of the target. 
With both types, the average functioning height over sea 
water is about twice as great as over average land, while the 
functioning height over arid land, snow, or ice is lower. 

As a very general statement, approximately 80 percent 
of VT-fuzed bombs released over average land will detonate 
between 40 to 75 feet from the ground. 

The rnc type VT fuze generally has a plastic cone seated 
on the metal case of the upper fuze body. To this cone is 
attached the metal antenna ring and the 10-bladed metal 
arming vane which it surrounds. The arming vane is kept 
from rotating until armed release by a spring-loaded vane 
locking pin which may be positioned in any one of four holes 
spaced 90° apart in the antenna ring. Two wrench lugs are 
located 180° apart on the fuze body to permit the proper 
fuze wrench to be applied; unlike most fuzes, VT fuzes must 
be tightened with a wrench. A lockwasher is positioned 
between the bomb and the upper fuze body to insure a posi- 
tive lock. 

Ring type fuzes are most sensitive to passing targets, that 
is, objects abreast of the fuze rather than ahead of it. For 
this reason, ring type fuzes are affected by the angles at 
which they approach the target, these angles depending orf 
the altitude, air speed,-and approach angle of launching air- 
craft when the bomb is released. 

Bar Tyre fuzes differ in appearance from the ring type in 
that the plastic nose portion is not conical and the antenna 
consists of two handle-like bars. The arming vane has three 
blades, is made of plastic, and is kept from rotating by a 
spring-loaded vane locking arm which is held in place by 
the arming wire. Bar type fuzes also have the two wrench 
lugs and lockwasher mentioned previously. 

The sensitivity range of the bar type fuze extends ahead 
of it and the fuze is most strongly affected by a terge 
directly in its path rather than to the side. 

Oreration.—The operation of both types is the same. On 


104 


armed release, the arming wire is pulled out of the vane lock- 
ing pin or arm, allowing the spring-loaded pin or arm to 
jump clear and free the vane. The vane begins to rotate in 
the windstream and through a gear reduction system turns 
the detonator rotor into the armed position so that firing the 
detonator will set off the booster. Movement of the rotor 
into the armed position also completes electrical connections 
between the detonator and the electronic firing head. The 
rotation of the arming vane drives a generator which sup- 
plies power to operate the firing head and charge the firing 
capacitor. Upon approach to the target, the radio signals 
sent out by the firing head are reflected by the target and are 
picked up by the firing head receiver, which, at the proper 
time, causes an electronic switch to close and fire the deto- 
nator. 

The vane must turn a minimum of 1,000 revolutions to 
complete arming. Even after becoming fully armed the 
electrical firing circuit cannot function unless the arming 
vane is rotating at a speed equal to that which would be 
induced by an air speed of 80 knots or more. Further, the 
detonator is not electrically connected to the firing circuit 
until the rotor is in the fully armed position. The detonator 
is separated from the booster by a heavy brass plate until 
the detonator is aligned into the armed position. In most 
models a safety pin holds the arming assembly in the safe 
position until the pin is withdrawn when assembling the 
fuze to a bomb. é 

The saFE AIR TRAVEL (SAT) is the distance a bomb must 
- travel along its trajectory before the fuze can function. Due 
to manufacturers’ tolerances and other factors, the SAT of 
supposedly identical fuzes may vary considerably. Because 
of this, each lot of fuzes is tested in the 100-pound GP Bomb 
AN-M80A1 to determine the minruum SAT (MIN. SAT) 
of the entire lot. The MIN. SAT (the least air travel re- 
quired to arm any fuze in the lot when used with the 100- 
pound GP bomb) is marked on each fuze. However, on 
larger bombs, the minimum air travel required for arming 
will be greater than the MIN. SAT marked on the fuze, by 
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percentages ranging from 2 percent up to 58 percent, de- 
pending upon the size of the bomb. 

The MIN. SAT of most fuzes is either 2,000 or 3,600 feet 
and is set by the manufacturer. 

Armine Detay, Arr Travet, M1A1 is an accessory device 
used to delay the start of the arming operation until a pre- 
set amount of air travel has been completed. The device is 
secured to the fuze so as to hold the vane locking pin or arm 
in place, and remains in place until the set amount of air 
travel is completed. The arming delay is vane driven with 
a gear reduction system. When the desired air travel is com- 
pleted, the device frees itself from the fuze and falls away, 
allowing the vane locking pin or arm to eject itself and the 
fuze arming vane to commence normal rotation and arming. 
Thus the safe air travel of the fuze-arming delay combina- 
tion is the sum of the arming delay setting and the MIN. 
SAT marked on the fuze. 

Following are some special precautions and instructions in 
the handling of VT fuzes: : 

1. VT fuzes are shipped in sealed containers and should not 
be removed until just prior to use, since warm, humid weather 
in particular causes fairly rapid deterioration. 

2. Make sure bomb tail fins are tight, as vibration of the 
fins : ay cause premature fuze action. For the same reason, 
the fuze must have a lockwasher between the fuze and the 
bomb, and the fuze must be tightened with a wrench. Do nor 
attempt to use the antenna of bar type fuzes as handles for 
tightening. 

3. The safety pin, located in a groove in the booster cup, 
must be removed prior to installing the fuze in a bomb. If 
the fuze is later removed from the bomb and returned to 
storage, the safety pin must be reinserted. If the pin will 
not go into place, it is an indication that the arming com- 
ponents are no longer in the safe position and the fuze must 
be destroyed according to current BuOrd instructions. 

4. Under normal operating conditions, the spring pressure 
of the vane locking pin or arm is sufficient to hold the arm- 
ing wire firmly in place during flight and no Fahnestock 
clip should be used. 
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However, if the arming wire will be exposed to the slip- 
stream at speeds greater than 260 knots (300 miles per hour), 
additional precautions are necessary, because at these higher 
speeds it is possible for the force of the slipstream to pull the 
arming wire loop or arming plate out of the arming control 
mechanism. Then, as the wire whips in the slipstream, it 
works out of the vane locking pin or arm, the fuze arms, and 
is detonated by the aircraft carrying it. 

On Bak TYPE FUZES ONLY, a second vane locking arm is 
installed, and the arming wire from this extra locking arm 
is secured to the aircraft structure. A Fahnestock clip is 
then placed on each wire, forward of (but adjacent to) the 
vane locking arm. 

On RING TYPE FUzEs, a second vane locking pin is installed, 
the arming wire of which is secured to the aircraft structure. 
Both arming wires are run through the holes in a perforated 
plate installed between the fuze and bomb, and a Fahnestock 
clip is placed on each wire between fuze and plate. In some 
cases,-more than one clip must be installed on each arming 
wire. : 


TAIL FUZES 


Bomb Tail Fuzes AN-M100A2, AN—-M101A2, and AN-M102A2 


These fuzes are vane-operated and function on impact. 
They are identical in every respect except length of the 
arming stem and arming stem tube, and consequently in over- 
all length and weight. They are issued equipped with the 
M14 PRIMER DETONATOR 0.025-sECOND DELAY, but any of the 
following alternate delay M14 primer detonators can be 
readily installed: NoN-pELAY, 0.01-sEcoND, 0.10-sEcoND, or 
0.24-sECOND. 

Bomb Fuze AN-M100A2 is used in 100-pound and 250- 
pound GP bombs and in 220-pound and 260-pound fragmen- 
tation bombs. It requires a maximum air travel of 485 feet 
to arm. This air travel is for the largest bomb in which 
used; air travel to arm will be less when used in smaller 
bombs. 
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Bomb Fuze AN-M101A2 is used in 500-pound GP, SAP, 
incendiary, and chemical bombs. It requires a maximum 
air travel to arm of 555 feet. 

Bomb Fuze AN-M102<2 is used in 1,000-pound and 2,000- 
pound GP bombs and 1,000-pound SAP bombs. The max- 
imum air travel to arm is 665 feet. 

The variations in length are necessary to properly locate 
the’ arming vane in the air stream so that the same type fuze 
can be used in various sized bombs. These fuzes are safe 
for landings and takeoffs anywhere, including the decks of 
carriers. 

Note that the arming stem is screwed through the fuze 
body cap before it is screwed into the firing plunger. This 
prevents a blow on the arming vane or gear mechanism being 
transmitted to the firing plunger. The end of the firing 
plunger pin rides in a groove in the firing plunger to prevent 
the plunger from rotating with the stem as the fuze is armed. 

The principle of operation is as follows (refer to fig. 
4-10): When the bomb is released armed, the arming wire 
is withdrawn, allowing the air stream to turn the 4-bladed 
arming vane. The vane and bearing cup rotate together, and 
the pinion gear, meshed with both stationary and movable 
gears, moves around these gears. The stationary gear is kept 
from rotating by the carrier stop and has one less tooth than 
the movable gear, so that the pinion “walks” the movable 
gear around one tooth each time the pinion circles. Since 
the movable gear is secured to the arming stem, as the mov- 
able gear is walked around, it unscrews the arming stem from 
the firing plunger. Thirty rotations of the arming vane re- 
sults in one rotation of the arming stem, and after 150 to 170 
vane rotations, the arming stem is unscrewed from the firing 
plunger and the fuze is armed. The plunger is restrained 
from striking the primer by an anticreep spring, until im- 
pact of the bomb. The arming vane continues to rotate and 
after approximately 200 more revolutions the arming stem 
has unscrewed from the fuze body cap and the entire arming 
assembly (arming vane, gear mechanism, and arming stem) 
is carried away from the bomb by the air stream. 
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On impact of the bomb, the firing plunger is carried for- 
ward by inertia, overcoming the anticreep spring and strik- 
ing the primer. The very slight lag due to the inertia of the 
firing plunger is the reason NON-DELAY TAIL FuzEs function 
slower than instantaneous nose fuzes, in which the force of 
impact drives the striker or firing pin directly into the 
detonator. 

Caution: (1) If the arming assembly is missing, ‘the 
fuze is armed. (2) If the arming assembly is in place, the 
fuze may still be armed; if the distance between the arming 
assembly eyelet and the arming stem cup flange is less than 14 
inch, the fuze is partially armed. If the distance is between 
1% and 3% inch, arming is questionable and the fuze should be 
considered armed. If the distance is greater than 34 inch, 
or when the carrier stop pin protrudes below the vane cup 
less than 1 inch, the fuze is armed. 

Primer detonator M14 used with these fuzes and primer 
detonator M16 used in other fuzes are Nor interchangeable. 
They may be distinguished by the knurling around the base, 
the M14 having one wide knurled band while the M16 has 
two narrow knurled bands. To change primer detonators, 
the one installed in the fuze is unscrewed By HAND and the 
primer detonator to be installed is inspected, then screwed 
down in the fuze handtight. 

Primer detonators have the delay time (or “non-delay”) 
stamped on their bottom face and in addition use a color code 
on the bottom face to indicate delay. This color marking is 
as follows: i 

Non-delay—entire surface painted white 

(.01-second—30° segment of face painted black 

0.025-second—90° segment of face painted black 

0.10-second—entire surface painted black 

(,.24-second—entire surface painted green 

Bomb Tail Fuzes AN-M100A2, AN-M101A2, and AN- 
M102A2 (AQ series) replaced the older fuzes AN-M100A1, 
AN-M101A1, and AN-M102A1 (A1 series). The A1 series 
was similar to the A2 series except for the greater amount of 
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air travel required for arming (approximately 2,000 feet) 
and an 8-bladed arming vane. 


Bomb Tail Fuzes M160, M161, and M162 


The M160, M161, and M162 fuzes are the same as Bomb 
Tail Fuzes AN-M100A1, AN-M101A1, and AN-M102A1, 
respectively, except that they use the same arming vanes as, 
the AN-M100A2 series (4-bladed). For identification, these 
fuzes have a yellow band at least three inches long painted on 
the arming stem tube. Instructions which govern the AN- 
M100A1 and AQ series also apply to the M160, M161, and 
M162. 

These fuzes require an air travel of approximately 2,000 
feet to arm. They are intended for use in bombs dropped 
by large formations of planes from high altitudes, and should 
be used in conjunction with nose fuzes M163, M164, and M165 
which also have a long arming delay and are intended for the 
same purpose. 


Bomb Tail Fuzes M115, M116, and M117 


These are arming vane type, delay arming, impact fuzes 
designed for low-level masthead or “skip” bombing. Primer 
detonators M16A1 are used, giving a delay of 8 to 11 seconds 
for use against shore targets, or 4 to 5 seconds for use against 
Ship targets. This delay is to enable the releasing aircraft 
to clear the target before detonation. These fuzes can be 
used in 500-pound and 1,000-pound SAP bombs, and 
100-pound to 2,000-pound GP bombs. 

The M115, M116, and M117 are similar in external appear- 
ance to the AN-M100A2, AN-M101A2, and AN-M102A2 
and have the same respective arming stem tube lengths. 
They are carrier safe, and have the same required air travel 
to arm as the AN-M100A2 series: 485 feet maximum for 
M115, 555 feet for M116, and 665 feet for M117. This 
amount of air travel is required when the fuze is installed 
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in the largest bomb in which used; when installed in smaller 
bombs the required air travel will be less. 

The arming assembly (arming vane, gear mechanism, and 
arming stem) is identical to that used in the AN-M100A2 
series fuze, and provides the same gear reduction. The firing 
mechanism, however, is different. 

The firing mechanism (see fig. 4-11) consists of a firing 
pin and cocked firing pin spring, plunger, locking balis, anti- 
creep spring, and retainer. The firing pin and spring are 
assembled inside the plunger with the firing pin spring in a 
compressed position behind the firing pin. They are held in 
this position by two locking balls in the plunger which are 
kept in place by the inside surface of the fuze body. 

When the bomb is released armed, the arming stem un- 
screws from the.plunger and fuze body cap in the same man- 
ner described for the AN-M100A2. The anticreep keeps 
the plunger assembly from moving forward until impact, 
when it is overcome by the inertia of the plunger. After 
moving a short distance forward, the locking balls pass a 
step on the inner surface of the fuze body and the balls jump 
out, thereby unlocking the firing pin. The compressed firing 
pin spring then drives the firing pin forward against the 
primer, which explodes and sets off the delay. After burn- 
ing through, the delay sets off the relay which fires the det- 
onator, the booster, and the bomb. 

The fuze is suPERSENSITIVE. The anticreep spring is just 
strong enough to balance the weight of the plunger assembly 
and only slight retardation of the bomb is necessary to ini- 
tiate fuze action. With the fuze armed, impact with water 
or any light structure will result in fuze action. 

The delay time of the M16A1 primer detonator is stamped 
on the end, and primer detonators are installed in the same 
manner as M14 primer detonators are installed in AN- 
M100A2 series fuzes. Do nor attempt to interchange M14 
primer detonators with M16A1 primer detonators; the 
threads are different and damage will result. M16A1 primer 
detonators may be distinguished by the double knurled band 
around the base. As issued, the fuze has the 4 to 5 second 
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delay primer detonator installed. External indications of 
arming of these fuzes are the same as those listed for the 
AN-M100A2 series. 


Bomb Tail Long-Delay Fuzes AN-M123A1, AN-M124Al, and 
AN-M125A1 


These are vane-operated, quick-arming impact fuzes 
which contain a chemical long-delay device which will cause 
detonation from 1 to 144 hours after impact. They also 
have an ANTIWITHDRAWAL feature which will detonate the 
bomb instantaneously if an attempt is made to remove the 
fuze once it has been installed. The AN-M123A1 series dif- 
fers from the obsolete M123 series in that the later AN type 
has no reduction gearing and uses an 8- bladed arming vane 
rather than 4-bladed. 

All three fuze types in this series will arm in less than 100 
feet of air travel, including the sealing of the fuze body to 
prevent loss of solvent. ‘They are carrier safe but bombs in 
which they are installed must either be dropped on the target 
or jettisoned—THEY ARE NOT TO BE RETURNED TO AIRFIELDS OR 
CARRIERS. 

Fuze AN-M123A1 may be used in GP bombs up to 250 
pounds. AN-M124A1 is used in 500-pound GP and SAP 
bombs. AN-M125A1 is used in 1,000-pound and larger GP 
and SAP bombs. The stem tube length is the only difference 
between fuzes of this series. 

The fuzes should be used only in those bombs having 
adapter booster and base filler plug locking devices. Other- 
wise an enemy could easily disarm a bomb by simply remov- 
ing the base plug or booster adapter with fuze still installed. 

The delay times are determined by the strength of an 
alcohol-acetone solution which dissolves a celluloid collar. 
For the longer delays celluloid disks are added which must 
also be dissolved. These delays are installed by the manu- 
facturer and may not be changed. Delays available are as 
follows: 1, 2, 6, 12, 24, 36, 72, and 144 hours. The nomen- 
clature, model, delay, and other information is stamped on 
the fuze body below the threads, where it cannot be seen when 
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Figure 4-12.—Bomb Tail Long-Delay Fuze AN-M123A1. 


installed. Any given delay time will be decreased by high 
temperatures and increased by low temperatures. 

The arming vane is attached directly to the arming stem, 
and the stem in these fuzes screws rnTo the body during armed 
release. The body assembly consists of the fuze body and 
the fuze body extension. The fuze body contains the rirtna 
PIN and SLEEVE ASSEMBLY, & DELAY WAD, and a GLASS AMPOULE 
FILLED WITH soLVENT. The body extension contains the 
DETONATOR HOLDER screwed into the base, and a LOCKING BALL 
and Groove (antiwithdrawal device) in the side. 

The firing pin (fig. 4-18) is held in place against the action 
of a compressed firing pin spring by the firing pin balls, which 
in turn are held in place under the firing pin screw by a cellu- 
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Figure 4-13.—Cutaway views of firing mechanism in various positions 
AN-M123A1 series fuzes. 
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loid collar. This assembly is mounted ina sleeve. The sleeve 
is held in place against the action of a compressed sleeve 
spring by a circle of balls bearing on a shoulder of the sleeve 
and held in position by the lip of the fuze body. 

When the fuze is released armed, the arming vane rotates, 
turning the arming stem into the fuze body, breaking the 
glass ampoule, and seating a collar on the stem against a 
rubber washer, thus sealing the outer end of the fuze. The 
alcohol-acetone solvent from the ampoule filters through the 
delay wad and starts to dissolve the celluloid collar. The col- 
lar dissolves sufficiently to release the FIRING PIN BALLS in 
approximately the specified time. When released, the balls 
are forced outward by the firing pin screw and the firing 
pin is driven against the detonator by the firing pin spring. 
When a delay of 24 to 144 hours is used, the solvent must first 
dissolve a celluloid disk before starting action on the celluloid 
collar. 

Antiwithdrawal action is as follows: The ball groove on 
the body extension is shallow on one end and deep at the 
other, so that as the fuze is being installed in the bomb, the 
locking ball is in the deep section and clear of the adapter 
booster wall. But once installed, if the fuze is turned counter- 
clockwise (unscrewed), the ball is forced into the shallow 
end so that it jams between the body éxtension and booster 
adapter, locking the body extension in place. Any further 
motion of the fuze in the direction of unscrewing will un- 
screw the body from the body extension, and when the two 
have separated three sixty-fourths of an inch—a quarter turn 
of the fuze body—the serve BALLs are released and moved 
outward. The sleeve, carrying the firing pin, is driven for- 
ward by the sleeve spring, causing the firing pin to strike the 
detonator and explode the bomb. 

These fuzes should not be installed until just prior to 
takeoff. Check for leaks by looking into and smelling the 
detonator. cavity; the solvent has a distinctive odor and 
may be easily detected. A copper disk and aluminum washer 
is then inserted into the detonator cavity; these items serve 
to seal the lower end of the fuze against solvent leakage. The 
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primer detonator used in the fuze is shipped separately, and 
is then screwed tightly into the detonator cavity. Screw 
the fuze into the bomb (see next paragraph), install arming 
vane, arming wire, and secure locknut. The shipping clip 
must be removed from the locking ball prior to installation. 

Caution: (1) These fuzes must be regarded as aRMED 
at all times. Any fuze which has been dropped more than 
10 feet, or subjected to temperatures above 170° F., or which 
has had the vANES FREE TO ROTATE must be considered armed 
and shall be destroyed. (2) Follow instructions in shipping 
box regarding use and disposition after exposure to high 


storage temperatures. (3) The natural tendency when en- . 


gaging the threads of mating parts (as when installing a 
fuze) is to turn one part back and forth until the threads 
engage. Do nor po THIs. EXTREME CAUTION must be used 
to assemble the fuze to the bomb with a scREWING-IN MOTION 
ONLY. THE ANTIWITHDRAWAL DEVICE WILL DETONATE THE 
FUZE IF IT I ROTATED BACKWARD IN THE ADAPTER EVEN BEFORE 
THE THREADS ARE ENGAGED. NEVER, FOR ANY REASON, ATTEMPT 
TO REMOVE THE FUZE FROM A BOMB, IT WILL DETONATE. 


Bomb Tail Long-Delay Fuzes M132, M133, and M134 


These vane-operated impact fuzes have a nominal fixed 
10-minute delay which actually will vary from 6 to 80 min- 
utes depending on temperature. The arming mechanism has 
a gear reduction system, but only 100 feet of air travel is re- 
quired for arming. Fuzes M132, M133, and M134 may be 
used in the same bombs as fuzes AN-M123.A1, AN-M124A1, 
and AN-M125A1, respectively. 

These fuzes contain an antiwithdrawal device which is 
identical to that used in the AN-M123A1 series. The time 
delay mechanism is somewhat different as it has a metal 
bellows containing a red colored solvent. The solvent acts 
upon a celluloid cylinder to produce the delay action. 

When shipped, the detonator holder is not installed, and 
the fuze cavity is plugged with a wad of absorbent cotton. 
If there has been a leakage of solvent, the red color will be 
plainly visible on the cotton when removed. 





General installation instructions already given’ for the 
AN-M123A1 series fuzes also apply to M132 series. Unlike 
most fuzes the fuze is tightened in the bomb with a wrench. 

Special safety precautions previously noted for the AN- 
M1231 series fuzes apply to the subject fuzes and must be 
followed. Bombs with these fuzes installed must NEvER be 
returned to carriers or airfields. Once installed, No ATTEMPT 
MUST BE MADE TO REMOVE THE FUZE FROM THE BOMB. 


LOCK NUT 1 HEAD 








SAFETY CLIP. ADAPTER BOOSTER 
LOCK PIN 
\ 
: \ 
DETONATOR HOLDER 
WASHER ASSEMBLY 





CLOSING | 


| 





CLOSING mere 
SCREW <-> 
] f: 
SAFETY SCREW—_ 2 youveR seauinc 
WASHER 
} 
EXTENSION pat! BODY 


Figure 4-14. Bomb Tail Long-Delay Fuzes M132, M133, and M134. 


Bomb Tail Fuze AN—-Mk 228 


The AN-Mk 228 is a vane-operated, long arming delay, 
impact fuze with a fixed delay time of 0.08 second. It is used 
only in 1,000-pound and 1,600-pound armor-piercing bombs, 
and requires approximately 1,100 feet of air travel to arm. 
This fuze has a reduction gear train in the arming system and 
in the unarmed condition the primers are out of line with 
both the firing pin extensions and the booster lead-ins. The 
fuze is safe for landings and takeoffs anywhere. 

The AN-Mk 228 has two explosive trains for greater re- 
liability. They consist of primer, delay element, detonator, 
auxiliary booster lead-in, booster separator lead-in, booster 
lead-in, and booster. Both trains lead to the tetry] booster 
charge located in the base of the fuze. 

The fuze is bottle shaped and has a 16-bladed arming vane 
which is painted red for easy identification. 

The operation of the AN-Mk 228 is as follows (refer to 
fig. 4-15): When the bomb is released armed, the arming 
vane is rotated by the air stream. This rotation is trans- 
mitted through the vane shaft and cap. The cap is secured 
to the pinion gear carrier, and the pinion gears circle the 
upper and lower gears. The gearing is so arranged that the 
lower gear cannot turn as long as the lug on the lower gear 
carrier engages a slot of the inner sleeve; therefore, the 
upper gear takes up the rotation and advances the central 
shaft on its threads until stopped by the shoulder on the 
shaft screw at the bottom of the central shaft. Twenty- 
three turns of the vane are required to turn the central shaft 
once. As the central shaft advances upward, it raises with 
it the gear assembly and striker. The striker, with its firing 
pin extensions, is now in the armed position; however, the 
extensions, firing pins, primers, delay elements, and deto- 
nators are still out of line. This completes the first arming 
stage. 

+ The second stage in the arming process begins at about the 
same instant the central shaft completes its upward travel. 
At this moment the lug on the lower gear carrier is lifted 
clear of the slot in the inner sleeve, thus unlocking the lower 
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gear and carrier. As the rotation of the central shaft and 
upper gear is stopped, the motion is transferred to the lower 
gear and carrier, and the pinion rotates them through ap- 
proximately 175°. As the pinion rotates the lower gear and 
carrier, the firing pin extensions, firing pins, and components 
of each explosive train are lined up with the booster lead-ins. 
Detents then lock both the inner sleeve and lower gear car- 
rier, insuring proper alignment of all firing parts. 

In this position the fuze is fully armed and rotation of 
the arming vane will cease. Should the fuze be subjected 
to windspeeds in excess of 300 miles per hour after arming 
is completed, the vane will transmit enough force to shear 
the pins in the lower gear and carrier. Under this condition 
the vane will rotate without any effect on the armed fuze. 

On impact, the striker and lower gear carrier are driven 
forward shearing the shear pin through the supporting col- 
lar and shaft. The firing pin extensions strike the firing 
pins which extend slightly above the surface of the delay 
element assemblies, setting off the primers, and initiating the 
explosive trains. The fuze will function on impact with 5¢- 
inch thick armor, or with water when dropped from 4,500 feet 
or higher. 

ARMED OR PARTIALLY ARMED FUzES: A small glass window is 
placed in the side of the fuze to permit visual inspection. 
If unarMeED, the upper surface of the striker and the lower 
edge of the cap are about flush with the top edge of the outer 
sleeve. If ARMED OR PARTIALLY ARMED, the striker and cap 
will have separated from the upper sleeve edge. It is prac- 
tically impossible to tell from visual examination whether a 
fuze is fully armed or very nearly armed; to be completely 
armed the striker should have moved out from the outer 
sleeve about 1145 inch and the striker rotated 175°. If the 
full rotation has not taken place, the fuze is not armed ; how- 
ever a fuze with a separation between striker and sleeve of 
more than 34, inch must be considered armed. If the sepa-, 
ration is less than %¢ inch, it is partially armed and should 
be handled in accordance with Ordnance Pamphlet 988— 
Bomb Fuzes. 
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Figure 4—15.—Armed and unarmed views of Bomb Tail Fuze AN—Mk 228. 
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Figure 4—15.—Continued 
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Bomb Tail Hydrostatic Fuze AN-Mk 230 Mods 4, 5, and 6 


The Mk 230 is intended for use primarily in attacks on 
submarines and may be used in depth bombs, 500-pound, 
1,000-pound, and 2,000-pound GP bombs. It is armed by 
vane, and after the required air travel of 400 to 500 feet it will 
function at predetermined depth settings of 25, 50, 75, 100, or 
125 feet. Changes in depth setting are made by an external 
depth setting knob. AN-Mk 230 Mod 4 has the accuracy of 
the 50-foot setting emphasized and the 25-foot setting re- 
laxed, while AN-Mk 230 Mods 5 and 6 have the accuracy of 
the 25-foot setting emphasized and the 50-foot setting re- 
laxed. Otherwise the fuzes are essentially the same. 

AN-Mk 230 and modifications have long arming delay and 
the detonator is out of line with the booster lead-ins when in 
the unarmed position. Hence the fuze is safe for landing 
and takeoff anywhere. 

The operation of the AN-Mk 230 is as follows (refer to 
fig. 4-17) : After armed release, the arming vane rotates in. 
the windstream. This causes rotation of the vane shaft and 
gear cover with its attached pinions. The pinions circle 
around the upper and lower gears; since the lower gear is 
fixed, the circling of the pinions “walks” the upper gear 
around, rotating the arming shaft once to 23 revolutions of 
the vane. As the arming shaft rotates, its threads screw into 
the arming nut, raising it. The arming nut cannot rotate 
as the pins are engaged with the holes in the arming detent 
carrier. The arming nut is screwed into the arming shaft 
until jammed by its washer, at which time the arming nut 
pins are free of the detent carrier and the arming nut is 
allowed to rotate. Further rotation of the arming shaft 
results in rotation of the arming nut, and since the pins are 
still engaged in the detent retaining cup, the cup is also 
forced to turn. The detent retaining cup turns 85° to line 
up two cutouts in the cup with the arming detents, thus allow- 
ing the detents to jump out, freeing the depth spring stem 
nut. The fuze is now armed. 

On impact, the inertia counterbalances prevent premature 
firing of the fuze due to the force of inertia. Water enters 
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through two ports in the body sleeve and holes in the depth 
setting mechanism housing. Hydrostatic pressure extends 
the bellows and forces the hydrostatic piston downward, 
compressing the depth spring and firing spring as it moves. 
The firing plunger contains the detonator and lead-out 
charges and is locked to the plunger housing by six balls. 
After the hydrostatic piston has moved downward about 
three-eighths of an inch (the distance is the same for all 
depth settings), the balls locking the firing plunger jump 
out into the recess in the hydrostatic piston. The com- 
pressed firing spring forces the plunger into the firing point 
thereby simultaneously aligning the explosive trains and 
initiating successively the detonator, lead-out charges, lead- 
in charges, relay pellets, and booster charge. 


DETENT RETAINING PIN 






DETENT RETAINING CUP 
DETENT RETAINING PIN 
METAL STRAP 


UNARMED POSITION, ARMING 
__NUT FLUSH WITH METAL STRAP. 
NOTE POSITION OF CUTAWAY. _ 
FOR ARMING DETENTS. 
Figure 4—16.—Arming mechanism (unarmed) of AN—Mk 230 Mod 4. 
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Figure 4-17.—Unarmed and armed views of AN-Mk 230 Mod 4. 
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Figure 4-17.—Continued 
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The external depth setting knob determines the amount 
of compression on the depth spring. The amount of com- 
pression in turn determines the hydrostatic pressure needed 
to overcome the spring. To change the depth setting, with- 
draw the depth setting rod which is inserted through the 
knob and lock. Turn the knob so that the desired setting is 
nearest the lock, and reinsert the depth setting rod in the 
appropriate hole in the knob and through the slot in the lock. 
Install the rod cotter pin. 

When installing the fuze in a bomb, be sure the neoprene 
“O” ring gasket is in place and that the fuze is tightened 
securely with a spanner wrench to insure a watertight seal. 
The safety rod must be removed from the fuze body prior to 
installation. 

Caution: The AN-Mk 230 has no external indication of 
arming. Since water pressure is required to detonate the 
fuze, an armed fuze can be safely removed from a bomb. In 
this case, the safety rod locking the firing plunger to the 
plunger housing should be inserted as soon as possible. 
Fuzes suspected to be fully or partially armed should be 
handled in accordance with Ordnance Pamphlet 988—Bomb 
Fuzes. 

Bomb Fuzes M154 and M157 


Strictly speaking, these fuzes are not tail fuzes. They are 
“all-ways” impact fuzes designed for use with the various 
igniters for napalm filled fire bombs. When armed, both 
types are extremely sensitive to any impact or blow and 
must be handled with extreme care. 

Fuze M154 is used in igniters M13 and M14 which are 
filled with either white phosphorus (WP) for land drops or 
sodium (Na) for water drops. This fuze is noncarrier safe 
and must not be used by naval activities unless M157 fuzes 
are not available.. The M154 fuze is an arming pin type 
which requires an arming wire of 0.036-inch diameter; when 
released armed, a spring-loaded release pin jumps out. This 
allows a spring-loaded safety pin to move, arming the fuze. 
On impact from any angle the striker and the firing pin 
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Figure 4—18.—Igniter M16 (Fuze M157) and Igniter M13 (Fuze M154). 


strike the primer, which ignites the booster. The booster 
detonates the burster (a blasting cap and 51% grams of 
tetryl) which scatters the igniter filler into the napalm mix- 
ture, causing ignition. Tr THE ARMING WIRE IS MISSING FROM 
THE FUZE, THE FUZE IS ARMED. 

Fuze M157 is armed by rotation of its anemometer type 
vane (see fig. 4-18). After 18 vane revolutions, or approxi- 
mately 150 feet of air travel, the fuze is armed for impacts 
along the axis of the fuze. After 30 vane revolutions or 
about 220 feet of air travel, the fuze will function on impact 
from any angle. Arming is accomplished by withdrawal of 
a safety rod from the striker body, unlocking the striker. 
The action on impact is the same as that of the M154. Bomb 
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Fuze M157 is carrier-safe and is used in igniters M15 and 
M16 which use the same fillers and explosive components as 
igniters M13 and M14. 

Caution: If the arming vane is missing, the fuze is armed. 
If the vane assembly has separated from the fuze body by 
more than one-eighth of an inch, the fuze must be considered 
armed. 


SAFETY PRECAUTIONS 


These safety precautions are general in scope; many of 
the fuzes described herein have special precautions appli- 
cable only to them. Before handling any fuze with which 
you are not thoroughly familiar, read and understand the 
precautions.dealing with that fuze. These precautions are 
listed in the Ordnance Pamphlets and other publications 
concerning the specific item, such as OP 988—Bomb Fuzes. 

Do NoT ATTEMPT TO DISASSEMBLE, ALTER, OR REPAIR ANY FUZE. 
Some Navy-type fuzes may be disassembled for cleaning after 
exposure, or for disarming, but this should Never be done 
unless absolutely necessary and then only if it is impossible 
to turn the fuze in or if it usr be used. Under these ex- 
treme conditions, personnel thoroughly familiar with the 
fuze may Br authorized to disassemble it to the extent au- 
thorized by the Bureau of Ordnance. It is impossible to dis- 
assemble most service fuzes; should they become corroded 
(or otherwise unserviceable) or armed, they must be dis- 
posed of in accordance with current instructions. 

Fuzes should not be installed in bombs until just prior to 
or after loading the bombs onto aircraft. In general, fuzing 
shall be done on individual rounds isolated from other am- 
munition insofar as possible. No smoking is allowed within 
25 feet of fuzing operations. 

Fuzes must be handled carefully at all times. An arming 
wire or safety pin must be in place in the fuze aT ALL TIMES, 
Armed fuzes are extremely dangerous; some types need only 
a blow IN ANY DIRECTION equivalent to a drop of ONE INCH 
to detonate. 
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Fuzes shall be stored only in specially designated fuze 
magazines which shall not be adjacent to magazines con- 
taining high explosives. Fuzes should always be stored in 
a cool, dry location. ; 

Use the proper fuze in bombs. Always inspect the fuze 
cavity and threads carefully and if necessary, wipe the cavity 
out with a clean dry cloth and clean the threads with a 
pointed wooneN stick prior to fuze installation. Should the 
threads be burred or otherwise damaged, never force the fuze 
while installing. 

Tail fuze primer detonators, such as M14 and M16A1, must 
be handled carefully and never dropped. Do not strike them 
or permit them to strike anything. 

Most fuzes should be installed in the bomb handtight. A 
very few (such as the hydrostatic fuze AN-Mk 230) require 
tightening with a wrench. 

Bombs assembled with any type of fuze that cannot be 
removed, either because of jamming or antiwithdrawal 
features, must be jettisoned over enemy territory or into deep 
water if they cannot be dropped on the target. They must 
never be returned to a carrier or airfield. Never aTTEMPT 
TO REMOVE AN ANTIREMOVAL FUZE FROM A BOMB. 

Detonators which are not assembled to or sealed in fuzes 
must not be stored in the same magazine with fuzes. 

Never turn the arming vane of a fuze more than one-half 
turn in either direction. When installing the arming wire in 
a fuze, it is sometimes necessary to turn the vane a slight 
amount in order to line up the holes through which the arm- 
ing wire is passed. 


QUIZ 


1. The two general methods of arming a bomb fuze are by 
and ----------. 


2. What is used to prevent the fuze from arming until the bomb is 
released? 
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10. 


11. 
12. 


13. 
14. 


. The five delays of M14 primer detonators are -~. 


. The AN-M103A1 nose fuze can be set for either instantaneous or 


eben tole second delay functioning. 


. Bomb Nose Fuze AN-Mk 243 Mod 0 is a vane-operated, _-________ 


ahaa se. fuze. 


. Mechanical Time Fuze AN-M146 can be set to function from ~-____ 


to ---.-- seconds after armed release. 


. The two types of proximity (VT) fuzes are _---_-___- type and 





-~ type. 





esexeash Wioseeeeos ANG sole oes Second. 


» Bomb fuzes of the ~-..-_--__ series are designed for low-level 


masthead bombing. 


. Bomb Fuze AN-M123A1, AN-M124A1, and AN-M125A1 have de- 





lay times ranging from ~_-___ to __ 2 

TRUE OR FALSE: If an aircraft loaded with bombs fuzed with 
AN-M124A1 fuzes returns its bomb load to the carrier, the bombs 
should be unfuzed as rapidly as possible, and the fuzes returned 
to the magazine. 

Bomb Tail Fuze AN-Mk 228 is for use only in fara iit, bombs. 

Bomb Tail Fuze AN-Mk 230 and Mods require both __--______ 
and __----_--. to function. 

Fuze M157 is used in ---.--_.__ bombs. 

TRUE OR FALSE: When AN-M103A1 nose fuzes become dirty or 
corroded, they must be disassembled and cleaned. 
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CHAPTER 


AMMUNITION 


Ammunition is described in the Bureau of Ordnance Man- 
ual as, “All the components, and any and all explosives in 
any case or contrivance prepared to form a charge, complete 
round, or cartridge for cannon or small arms, or for any 
other weapon, warheads, mine, bomb, depth charge, demoli- 
tion charge, fuze, detonator, projectiles, etc.; all signaling 
and illuminating pryrotechnic materials; and all chemical 
warfare materials under the cognizance of the Bureau of 
Ordnance and used by the Navy for offensive, defensive, 
saluting, and training purposes.” 

It can be seen that ammunition, thus defined, is a very 
broad subject. However, Aviation Ordnancemen in refer- 
ring to “ammunition” usually mean specifically small-arms . 
and other gun ammunition rather than the many types enu- 
merated in the official Bureau of Ordnance definition given 
above. This chapter deals only with small-arms, 20-mm, 
and special ammunition—other types being covered else- 
where in this text. 


SMALL-ARMS AMMUNITION 


Ammunition used in weapons whose bore is 0.60-inch or 
- less (rifles, carbines, pistols, revolvers, and machine guns) 
and in all shotguns is classed as small-arms ammunition. 

A round of small-arms ammunition (shotgun shells ex- 
cepted) isknown asacartrince. In general, a cartridge con- 
sists of a bullet, a propelling charge, a primer, and a car- 
tridge case, all made up into a unit assembly. Shotgun shells 
and caliber .45 shot cartridges contain a charge of small pel- 
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Figure 5—1.—Cartridge terminology. 


lets or shot instead of a single bullet. Cartridge terminology 
and component parts are shown in figures 5-1 and 5-2. 
Butier.—Bullets for service use have a metal core or slug 
which is covered with a gilding metal (90 percent copper 
10 percent zinc) or gilding-metal-clad steel jacket. In the 
‘ase of caliber .45 bullets, copper-plated steel may be used 
instead of gilding metal for the jacket. Ball and tracer bul- 
lets have a lead alloy or common steel core or slug, whereas 
armor-piercing bullets have a hardened steel alloy core. Bul- 
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Figure 5-2.—Cartridge terminology—continued. 
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lets have either a flat or tapered base. A bullet having a 
tapered base is said to be “boattailed.” A cannelure, or an- 
nular knurl, is rolled or cut into the jacket to provide a recess 
into which the cartridge case is crimped. 

PropeLtine cHarcE.—There are two types of small-arms 
propellants generally used, the single-base nitrocellulose type 
and the double-base type. The double-base type is a mixture 
of nitrocellulose and nitroglycerin which burns more rapidly 
than the single-base type; it is used in shotgun shells, some 
caliber .45 rounds, and carbine ammunition. The weight of 
the charge and granulation of the powder vary with specifi- 
cation requirements for velocity and pressure. The charge 
is assembled loosely in the cartridge case. 

Primer.—The primer consists of a brass or gilding-metal 
cup which contains a primer-composition pellet of sensitive 
explosive, a paper disk, and a brass anvil. A blow from 
the firing pin on the primer cup compresses the primer com- 
position between the cup and the anvil, and causes the com- 
position to explode. The holes or vents in the anvil allow the 
flame to pass through the primer vent in the cartridge case 
and ignite the propellant. 

Carrriper case.—The cartridge case is made of drawn 
brass or steel. It serves as a means whereby the other com- 
ponents—primer, propelling charge, and bullet—are assem- 
bled into a unit, the cartridge. Another of its functions is 
to expand and seal the chamber against the escape of gases 
to the rear when the cartridge is fired. To make the car- 
tridge waterproof and to keep the propelling charge dry, 
the primer is sealed in the primer seat and the bullet is sealed 
in the neck of the cartridge case by a thin film of lacquer or 
varnish at the time of manufacture. An extractor groove, 

“turned in the head of the cartridge case, provides a means of 
removing the case from the chamber of the weapon. 


Caliber 


The caliber of a small-arms weapon is the diameter of the 
bore (measured between opposite Lanps) expressed in inches, 
or for weapons of foreign origin in millimeters. The Lanps 
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of the rifling of a weapon are the raised spiral portions of 
the rifling formed by cutting spiral grooves, generally 0.003- 
or 0.004-inch deep into the surface of the bore. The diam- 
eter of the lead alloy bullet is generally 0.003-inch greater 
than the bore diameter between grooves. The diameter of a 
jacketed bullet generally should not be more than 0.001- 
inch greater than the bore diameter between grooves. 


Gage 


Instead of caliber, shotgun shells are identified as to size 
by “gage.” The gage of a shotgun refers to the number of 
pure lead balls of the diameter of the bore required to weigh 
l1pound. The .410-gage is an exception in that the diameter 
of the bore is 0.410-inch. The bore of a 12-gage shotgun 
measures 0.729-inch in diameter; thus 12 lead balls of 0.729- 
inch would weigh 1 pound. : 


Classification 


Small-arms ammunition is classified as SERVICE Or SPECIAL, 
depending upon its purpose. 
Service types are as follows: 

Batt, for use against personnel and light material tar- 
gets. 

Armor-rrercine (AP), for use against armored aircraft 
and lightly armored vehicles, concrete shelters, and other 
bullet-resisting targets. 

Incenpiary (INC), for incendiary effect, especially 
against aircraft. 

Tracer (TR), for observation of fire. Secondary pur- 
poses are for incendiary effect and for signaling. : 

ARMOR-PIERCING-INCENDIARY (API) for combined 
armor-piercing and incendiary effect. 

ARMOR-PIERCING-INCENDIARY-TRACER (API-T), for com- 
bined armor-piercing and incendiary effect, with the addi- 
tional tracer feature. 

Special types: 
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Figure 5-3.—Caliber .50 cartridges. 
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Buank, for simulated fire, and for saluting (contains no 
bullet). 
Dummy, for training and testing purposes only. (Com- 
pletely inert.) 
Identification 


The type, caliber, model, and ammunition lot number, in- 
cluding the symbol of the manufacturer are necessary for 
complete identification of small-arms ammunition. For 
caliber .30 and .50, the grade is also necessary. 

From the cartridge itself, the ammunition may be identi- 
fied, except for lot number, by the following: 

The appearance of the cartridge and the painting on the 
bullet (see figs. 5-3, 5-4, and 5-5: also table 5-1). 
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CARTRIDGE, BALL, CARBINE CAL. 30, M1 





CARTRIDGE DUMMY, CARBINE, CAL. 30, M13 


RED or ORANGE 





CARTRIDGE, TRACER, CARBINE, CAL.30,M16 


Figure 5—4,—Caliber .30 carbine cartridges. 
137 


Table 5—1.—Identification of cartridges by color of bullet tip. 








Color of tip of bullet Type of cartridge 





Ball. 

Armor-piercing. 

Armor-piercing-incendiary. 

Incendiary. 

Tracer—cal. .30 and cal. .50, M1; 
cal. .50 headlight tracer, M21; 
carbine, M16; and cal. .45, M26 
(T30). 

Maroon-_ -| Tracer—cal. .50, M17 (T9). 

Orange. -- -| Tracer—cal. .50, M10; carbine, M27 

(T43); and cal. .30, M25 (T10). 

Red with aluminum color rear | Armor-piercing-incendiary-tracer. 
annulus (see fig. 5-3). i 














Blue with light bive rear annu- | Incendiary—cal. .50, M23 (T48) only. 
lus. i 

Blue with aluminum color rear | Armor-piercing-incendiary—cal. .50, 
annulus. (T49) only. 





The stamping on the base of the cartridge case. Because of 
its small size, the marking on small-arms ammunition is the 
stamping of the manufacturer's initials and year of manu- 
facture on the base of the cartridge case. For example, “FA 
49” means the lot was loaded at Frankford Arsenal in 1949. 

Markings on the original packing boxes and cartons. 

Mopex.—To distinguish a particular design, a model des- 
ignation is assigned at the time it is classified as an adopted 
type. The model designation becomes an essential part of 
the standard nomenclature of the item and one of the means 
of identification. The present system of model designation 
is the use of the letter M, followed by a numeral, just as 
bombs, mines, and other types of ammunition are designated. 
For example, carrrince, ball, Cal. .50, M2. 

When a particular design has been accepted only for a 
limited procurement and service test, the model designation 
is indicated by the letter T, followed by a numeral. For 
example, CARTRIDGE, armor-piercing-incendiary, Cal. .50, 
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T49. At such a time as the design is standardized, the M 
designation is assigned. 

AMMUNITION LoT NUMBER.—When ammunition is manu- 
factured, an ammunition lot number, which becomes an es- 
sential part of the marking, is assigned in accordance with 
pertinent specifications. This lot number is marked on all 
packing boxes containing carton-packed cartridges, and on 
the cartons packed therein. It is required for all purposes 
of record, including grading, use, and reports on condition, 
functioning, and accidents in which the ammunition might 
be involved. 


CARTRIDGE, BALL, M2 


© Qa 


COLOR CODE INDICATES TYPE OF BULLET ar, 





"3.34 Max. a 


Figure 5—5.—Caliber .30 cartridges. 


Since it is impracticable to mark the ammunition lot num- 
ber on each individual cartridge, every effort should be made 
to preserve, by tagging or marking, the ammunition lot num- 
ber of cartridges once they are removed from their original 
packing. Cartridges for which the ammunition lot number 
has been lost automatically become grade 3. 

As far as practicable, all complete rounds of any particu- 
lar ammunition lot are made up of components selected from 
the same lot. To obtain the greatest accuracy in firing, suc- 
cessive rounds should be fired from the same ammunition lot. 

AMMUNITION GRADES——Ammunition is manufactured to 
rigorous specifications and is inspected and tested thoroughly 
before acceptance. Since the various types of weapons have 
different requirements, production orders and specifications 
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Table 5—2.—Symbols used in ammunition grading. 








Grade symbol Authorized use 





For caliber .30: 
Grade AC; or AC/R__.----| For aircraft machine guns. 
Grade MG; R; AC/R; or AC_| For ground-type machine guns 

including these mounted for 

antiaircraft. 

Grade R; AC/R; or AC__--| For rifies; semiautomatic and 
automatic. 

Unserviceable. Not to be is- 
sued or used. 


For aircraft machine guns. 

For antiaircraft machine guns. 

Unserviceable. Nort to be is- 
sued or used. 

















call for the classification of lots for use in specific weapons. 
Variations in manufacture may occur because of problems of 
mass production of ammunition. Considering variations 
from lot to lot and the different requirements for each type 
of weapon, grades are assigned to each lot of ammunition, in 
accordance with acceptance tests, to designate their use in 
the different types of weapons. It should be noted that 
grade designations (when assigned) do not signify that one 
grade is better than another, but that it is better for some 
particular class of weapon. 

Current grades of all existing lots of small-arms ammuni- 
tion are published in Bureau of Ordnance Instructions. Any 
lots on hand which are not listed in current Instructions 
should be reported to the Bureau of Ordnance immediately. 

The grades for small-arms ammunition are shown in table 
5-2. Note that grade 3 is not to be issued or used. 


Manufacture of Cartridge Cases 


The cartridge case is made from a circular disk of brass 
which is punched into the form of a cup and shaped by draw- 
ing through successive dies. The closed end is pressed into 
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shape to form the head in which the primer pocket and vent 
are then formed. An extractor groove is machined around 
the head to provide a grip for the mechanical extractor of 
the weapon. Pistol ammunition cases are cylindrical; car- 
bine ammunition cases taper slightly; rifle and machine gun 
ammunition cases taper slightly from the head to the shoul- 
der (approximately three-fourths of the length) then sharply 
at the shoulder to the cylindrical neck. After punching or 
drawing operations, the case is annealed to remove strains. 
The annealing process is intended to give the proper hard- 
ness and toughness to the case. The final case has a hard 
and tough head. The rim is hardened to withstand the pull of 
the extractor, and the side walls are rendered soft but resilient 
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Figure 5—6.—Primers—sectioned. 
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enough to spring back after expansion. . The mouth is an- 
nealed to a dark or bluish discoloration about the neck; this 
is done to prevent season cracking (discussed later in this 
chapter), and to facilitate crimping to secure the bullet. , 

The primer is pressed into the primer pocket and staked 
or crimped, and the joint is sealed by a drop of shellac or 
lacquer. (Figure 5-6 shows details of several primers.) 
The cartridge case is loaded with a charge of propellant 
powder and the inside of the neck coated with lacquer or 
other waterproofing compound. The bullet is then inserted, 
and the mouth of the case crimped into the cannelure of the 
bullet. For caliber .30 carbine and caliber .45 cartridges, the 
mouth of the case is not crimped to the bullet, but is held in 
place by its tight fit in the case. In some revolver cartridges 
a cannelure in the case prevents the bullet from being seated 
too deeply. 


DESCRIPTION OF ROUNDS 


Cartridge, Ball, Cal. .22, Long Rifle 


These cartridges are procured from several commercial 
manufacturers and do not have any model designation. They 
are for use in all types and models of caliber .22 weapons. 

The cartridge case is made of brass, copper, and gilding 
metal. The bullet is made of lead, and contains grease or 
wax in its cannelures for lubrication purposes in the bore of 
the weapon. 

Average maximum chamber pressure is 20,000 pounds per 
square inch, and muzzle velocity is 1,100 feet per second. 
When fired into 1-inch pine boards, spaced 1 inch apart at a 
range of 15 feet, the bullet will penetrate the first 5 boards 
and slightly into the sixth board. (A penetration of 1 inch 
in pine corresponds to a serious wound.) Maximum range is 
1,500 vards. 


Cartridge, Ball, Carbine, Cal. .30, M1 
This cartridge is a current standard item of issue for use 
in caliber .30 carbines. It is intended for use against per- 
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sonnel and light material targets for ranges up to 300 yards. 
Its length is 1.68 inches. Other caliber .30 carbine cartridges 
are shown in figure 5-4. . 

The bullet consists of two parts, a lead alloy core and the 
jacket of either gilding metal or gilding-metal-clad steel. 
When test fired for accuracy, it will group within a mean 
radius of 4 inches at 300 yards. The bullet will penetrate 
twelve 7%-inch pine boards at 100 yards, 8 boards at 200 yards, 
and 7 boards at 300 yards. Average maximum chamber 
pressure is 40,000 pounds per square inch, and muzzle 
velocity is 1,970 feet per second. Maximum range is 2,200 
yards. 


Cartridge, Ball, Cal. .30, M2 


This cartridge is a current standard item of issue and is 
used in machine guns and rifles. The length of the complete 
round is 3.34 inches. Ball cartridges do not have any paint 
or markings on bullet tips. Other caliber .30 cartridges are 
shown in figure 5-5. 

The bullet consists of two parts, a gilding metal or gild- 
ing-metal-clad steel jacket and a lead alloy core. The aver- 
age maximum chamber pressure is 50,000 pounds per square 
inch; average muzzle velocity is 2.800 feet per second. 
Maximum range is 3,450 yards while the effective range is 800 
to 1,000 yards. At 600 yards the bullet will penetrate 1 inch 
of concrete, or four 214-inch oak boards. 


New Developments in Caliber .30 


A new caliber .30 cartridge has been under development by 
the Army for several years and has recently been adopted 
as the new service rifle and machine gun cartridge, not only 
for the United States but for its allies, Great Britain, Can- 
ada, France, and Belgium, as well. This standardized car- 
tridge will simplify manufacturing and supply problems. 
However, it will be several years before the cartridge will be 
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widely issued, since some weapons must be modified to handle 
the new cartridge and others will be completely replaced with 
new types. 

The cartridge is currently designated the T65 and is about 
10 percent lighter than the current caliber .30, M2, and ap- 
proximately 14-inch shorter in length; the complete round is 
about as long as the present .30 caliber case. Yet because 
ball-grain smokeless powder is used, as much propellant as 
is used in the M2 case can be packed in the shorter T65 case 
with the result that the bullet’s muzzle velocity and other bal- 
listics remain substantially the same as the M2’s. 
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Figure 5—7.—Caliber .45 cartridges. 
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The T65 cartridge is already being marketed commercially 
under the name “.308 Winchester” for sporting use, the only 
difference being in the bullets which are sporting type in- 
stead of the full-jacketed military style. 


Cartridge, Ball, Cal. .45, M1911 


This cartridge is a standard item of issue and is used in the 
caliber .45 automatic pistols and submachine guns. (See 
fig. 5-7 for other caliber .45 cartridges.) 

The bullet consists of a gilding metal, gilding-metal-clad 
steel, or copper-plated steel jacket and a slug of lead hardened 
with antimony. Muzzle velocity is 830 feet per second, and 
chamber pressure is 17,000 pounds per square inch. Pene- 
tration in white pine ranges from 6 inches at 25 yards to 4 
inches at 250 yards. The penetration in moist loam at 25 
yards is 10 inches, and in dry sand it will penetrate about 8 
inches. Maximum range is 1,600 yards. (All the above data 
refer to firing in the M1911A1 pistol.) 


Cal. .50 Ammunition 


Ammunition for caliber .50 weapons is shown in figures 
5-1, 5-8, and 5-8. Caliber .50 bullets are shown sectioned in 
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Figure 5—8.—Caliber .50 cartridges. 
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figure 5-9. The trajectories of caliber .50 service types, ex- 
cept the incendiary M23 and API T49 cartridges for air- 
craft use, match at 600 yards. The time of flight does not 
differ by more than 49 second under specified conditions. 
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Figure 5-9.—Caliber .50 bullets—sectioned. 


The incendiary M23 and API T49 cartridges, whose bullets 
weigh approximately 500 grains and have muzzle velocities 
of 3,450 feet per second, also have matched ballistics. 
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Cartridge, Armor-Piercing, Cal. .50, M2 


This cartridge is a limited standard item of issue for caliber 
50 machine guns. It is designed for use against armored air- 
craft, armored vehicles, concrete shelters, and similar bullet- 
resisting targets. It may be identified by the black bullet tip. 

The bullet consists of three parts: a gilding metal jacket, a 
hardened core of steel, and a point filler of an antimony-lead 
alloy. Average maximum chamber pressure is 55,000 pounds 
per square inch. Muzzle velocity is 2,840 feet per second. 
Penetration of 1-inch armor plate is obtained at 200 yards. 


Cartridge, Armor-Piercing-Incendiary, Cal. .50, M8 


This cartridge is a current standard cartridge for caliber 
.50 machine guns. It replaces the incendiary cartridge M1 
and armor-piercing cartridge M2 as standards for manufac- 
ture and issue. It is identified by the aluminum color of the 
bullet tip. 

The bullet contains the same core as the M2 described 
above, but the point filler is replaced by an incendiary com- 
position. Penetration ability is almost equal to that of the 
M2. The bullet will perforate 7%-inch armor plate at nor- 
mal impact at 100 yards, and 5,-inch armor plate at 30° im- 
pact at 100 yards. Average maximum chamber pressure is 

_55,000 pounds per square inch, and muzzle velocity is 2,950 
feet per second. 


Cartridge, Armor-Piercing-Incendiary, Cal. .50, T49 


This cartridge is a limited procurement item for use only 
in caliber .50 aircraft machine guns. It has a higher velocity 
than the API cartridge, M8, and is intended for use with 
the incendiary cartridge, caliber .50, M23 (T48), since it has 
similar exterior ballistics. It may be identified by the bullet 
tip, which is painted medium blue with an aluminum color 
annulus to the rear. 

The bullet is shorter in length than API bullet, caliber .50, 
M8. Penetration ability is equal to that of the M8, chamber 
pressure is 58,000 pounds per square inch, and muzzle 
velocity is 3,450 feet per second. 


147 


Cartridge, Armor-Piercing-Incendiary-Tracer, Cal. .50, M20 
(128) 


This cartridge is similar to the M8 cartridge, with the 
addition of a tracer element. Its use makes tracer cartridges 
unnecessary in machine gun belts. It is identified by the 
tip of the bullet which is painted red with an aluminum 
annulus to the rear. 

A dim trace begins at 20 feet from muzzle to 300 yards, 
where it changes to a bright trace, which continues to ap- 
proximately 1,750 yards. Complete penetration of %-inch 
armor plate is obtained at 100 yards. Average maximum 
chamber pressure is 55,000 pounds per square inch, and muz- 
zle velocity is 2,950 feet per second. 


Cartridge, Ball, Cal. .50, M2 


This cartridge is a standard item of issue for caliber .50 
machine guns. The cartridge has no identification markings 
except the conventional stamping on the base. 

The bullet consists of three parts: a gilding metal jacket, 
a soft steel core, and a point filler of antimony-lead alloy. 
Penetration of 2-inch concrete or 12 inches of sand is ob- 
tained at 200 yards. Average maximum chamber pressure 
is 53,000 pounds per square inch, and muzzle velocity is 
2,840 feet per second. 


Cartridge, Incendiary, Cal. .50, M23 (T48) 


This cartridge is a standard item of issue for use only in 
caliber .50 aircraft machine guns. It has a higher velocity 
than the incendiary cartridge M1 and is more effective as an 
incendiary against aviation jet fuel. It may be identified 
by the bullet tip, which is painted medium blue with a 
light blue annulus to the rear. 

The M23 bullet consists of a gilding metal jacket, a clad 
steel container, a lead-antimony base slug, and an incendiary 
composition. Average maximum chamber pressure is 58,000 
pounds per square inch, and muzzle velocity is 3,450 feet per 
second. : 
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CARE AND PRECAUTIONS IN HANDLING AMMUNITION 


AMMUNITION BoxES.—Small-arms ammunition, as com- 
pared with other types of ammunition, is not dangerous to 
handle. Care, however, must be observed to keep the boxes 
from becoming broken or damaged. AIl broken boxes must 
be repaired immediately. Transfer all markings to the new 
parts of the box. 

New procurement of small arms (except cartridge ball cali- 
ber .22, Long Rifle) will be provided in Mk 1 Mod 0 steel 
small-arms ammunition boxes. 

Boxes should be opened carefully, as they are to be used 
as long as they are serviceable. 

An ammunition box or metal can should not be opened nor 
a metal liner broken until the ammunition is required for 
issue or use. Ammunition removed from airtight containers 
is apt to become unserviceable due to corrosion. This is espe- 
cially applicable in damp climates. 

Hanpiine cartripces.—After a box of ammunition has 
been opened and cartridges issued, each man should take 
care of his own ammunition. The primer should be pro- 
tected from blows by sharp instruments, as such a blow might 
explode the cartridge. 

Ammunition should be protected from mud, sand, dirt, 
and water, and should be wiped off at once if it gets wet or 
dirty. 

If verdigris (bluish-green deposit) or light corrosion form 
on cartridges, they should be wiped off with a dry wiping 
cloth. The use of abrasives is forbidden. 

Ammunition should not be exposed to the direct rays of 
the sun for any length of time. If the powder is heated, it is 
likely to cause excessive pressure when fired and will affect 
the performance of the ammunition. 

The use of oil or grease on small-arms cartridge cases is 
prohibited. Greasing or oiling cartridges used in machine 
guns and other automatic arms causes the collection of dust 
and other abrasives which are injurious. Grease or oil on the 
cases or on the walls of the chamber in nonautomatic weapons 
causes excessive and hazardous pressure on the bolt or breech- 
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block and will result in damage. When there is oil on the 
cartridge case, there is no adhesion of the case to the chamber. 
When the case expands upon firing, the case slips back and 
the bolt receives a greater than normal rearward thrust. 

Whenever cartridges are taken from cartons and loaded 
into belts or clips, the latter should be tagged or otherwise 
marked so that the ammunition may be identified as to lot 
number. 

Derective cartripcrs.—Cartridges having dents or 
scratches, cartridges with loose bullets, or otherwise defec- 
tive rounds should not be fired. Lots having more than 5 
percent of defective cartridges will be subjected to 100 per- 
cent inspection. Defective rounds will be culled out and 
serviceable cartridges repacked prior to issue. Defective 
cartridges will be considered as grade 3 ammunition. 

The most common defects of small-arms ammunition that 
can be detected by visual examination are: 

1. Season crackine.—A split or hair-line crack, usually 
in the neck of the cartridge case. Caused by internal and 
surface stresses set up during the tapering operations and 
the insertion of the bullet. 

2. Corroston.—As distinguished from true discoloration 
or blackening which alone does not affect the functioning of 
the ammunition. : 

3. MiscetLanrous.—In the manufacturing process a num- 
ber of defects may occur if the metal is too thick or too thin, 
too hard or too soft or the manufacturing tools are worn or 
maladjusted. Some of these defects are loose bullets, case 
bulged, dented, burred or creased or head of case too thick 
or too thin. A condition called mouth pulldown may occur 
in which the mouth of the case is pulled out of shape or the 
neck of the case may be folded back on itself. Rough han- 
dling may in some cases cause similar defects. 

Srorace.—Small-arms ammunition is not an explosive haz- 
ard in storage, although under adverse conditions of storage 
it may become a fire hazard. 

Small-arms ammunition should be stored and piled accord- 
ing to type and ammunition lot number. Extreme care must 
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be exercised to prevent mixing of ammunition lots in one 
pile. 

Whenever practicable, small-arms ammunition should be 
stored under cover. This applies particularly to tracer and 
shotgun ammunition. Tracer ammunition is subject to rapid 
deterioration if it becomes damp. It is possible that tracer 
ammunition may even ignite spontaneously. Shotgun 
shells, except for overseas shipment, are normally not packed 
in waterproof metal-lined boxes, 

Should it become necessary to leave small-arms ammuni- 
tion out-of-doors, the boxes should be raised on dunnage at 
least 6 inches from the ground and the pile covered with a 
double thickness of serviceable tarpaulin. The tarpaulin 
should be so positioned as to offer the maximum protection to 
the ammunition and to allow free circulation of air. Suit- 
. able trenches should be dug to prevent water from flowing 
under the pile. 

Small-arms ammunition should be protected from extreme 
heat to avoid decomposition of the propellant powder. The 
combination of high temperature and damp atmosphere is 
particularly harmful to powder. 


PRECAUTIONS IN FIRING AMMUNITION 


No small-arms ammunition—other than blank ammuni- 
tion, caliber .22 cartridges, and shotgun shells—will be fired 
until it has been positively identified by ammunition lot 
number and grade. 

Before firing a weapon, it must be ascertained that the 
bore is free from any foreign matter such as cleaning patches, 
mud, sand, and snow. 

_ When a bullet lodges in the bore of a rifle, pistol, or ma- 
chine gun, it should be removed by the application of pres- 
sure from the muzzle end of the weapon. 

Earmvre To Fire—Misrire anp Hanortre.—A complete 
failure to fire is called a misrirE, while a delay in discharge 
is termed a HANGFIRE. 

Because a misfire cannot be immediately distinguished 
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from a hangfire, it is unsafe to open the breech of the weapon 
for at least 10 to 15 seconds when a misfire occurs. Another 
attempt to fire the round may be made if it is possible to 
cock the weapon wirHouT opening the breech. If the round 
still will not fire, wait another 10 to 15 seconds and remove 
it. 

Misfires may be caused from too light a blow of the firing 
pin, too thick metal of the primer cup, no primer pellet, no 
primer-pellet mixture between the primer cup and anvil, no 
anvil, vent hole, a worn firing-pin point, a firing pin off 
center, or a combination of these defects. 

Hangfires normally do not occur as frequently as misfires. 
Hangfires may be caused by the presence of a damp powder 
charge; by a film of oil on the inside of the cartridge case; 
by a defective primer; and by other more unusual causes, 
such as those induced by very low temperatures. A hang- 
fire is especially dangerous in all types of small arms. 

“Cook-off” is the term applied to the ignition of a car- 
tridge’s propellant charge by the heat of the barrel in which 
it is chambered. It occurs most frequently in machine guns 
which have been fired in excessively long bursts, although it 
is possible to produce enough heat in rifles, carbines, or other 
small arms by prolonged rapid firing to cook-off a round 
left in the chamber. 

In a caliber .50 aircraft machine gun, for instance, the 
maximum single burst which may be fired without danger 
to cook-off is 150 rounds. In general, the longer the burst 
fired, the longer the cooling-off period must be between 
bursts, to prevent not only cooking-off of the chambered 
round but damage to the barrel as well. If an overheating 
burst is fired, the gun should be cleared within 10 seconds 
after completion of the burst. If the gun cannot be cleared 
within 10 seconds, the round should be allowed to remain in 
the chamber at least 5 minutes, making sure the gun is 
pointed in a safe direction. If an attempt is made to clear 
the gun between the 10-second and 5-minute period, the ex- 
tracted cartridge may explode outside the weapon, causing 
serious injury to personnel or equipment. 
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20-MM AMMUNITION 
Components 


A round of 20-mm ammunition consists of a projectile, 
primer, propelling charge, cartridge case, and (in certain 
rounds) a fuze, all assembled into a unit assembly. The 
cartridge case and propelling charge are basically the same 
as the calibers .30, .45, and .50, except that the 20-mm round 
is larger. A millimeter is equal to 0.039-inch; therefore, 
20-mm guns have a bore of 0.78-inch. 

Prosecrite.—The projectile is that component which is 
expelled from the gun by the force of the propelling charge. 
Standard nomenclature permits use of only the term “pro- 
jectile”; the term “shell” is improper. 

A projectile’s body is pointed at its forward end and is 
blunt at the afterend. The part of the projectile that tapers 
from the pointed nose is called the ocivz. Figure 5-10 shows 
the main parts of a projectile. 

Aft of the ogive and encircling the projectile body is the 
highly finished pourretetr. The bourrelet is slightly larger 
in diameter than the projectile body (but slightly smaller 
than the gun bore), and supports the forward end of the 
projectile in the gun bore. Note that some 20-mm projectiles 
do not have the bourrelet. 

Toward the rear of the projectile is the RoraTING BAND, 
which is slightly larger in diameter. than the bore of the gun. 
Its functions can be summarized as follows: (1) It keeps 
the projectile firmly seated in the gun bore; (2) it acts as 
a gas seal, preventing escape of powder gas around the pro- 
jectile as it travels through the bore of the gun; and (38) it 
steadies and supports the after end of the projectile, and by 
engaging the rifling, causes the projectile to spin when fired. 

Fuze.—Two types of fuzes are used in 20-mm ammuni- 
tion. The Point Detonating (PD) Fuze M75 is provided 
with the high-explosive-incendiary round for the M3 gun, 
while the Mk 78 is used with the high-explosive round for 
the Mk 12 gun. 

Fuze PD M75.—The M75 is a single-action type fuze, in- 
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tended to function with instantaneous percussion action upon 
impact with light material surfaces. As figure 5-11 shows, 
the fuze is made up of two major parts, a body with an air 
space in the forward part of the fuze, and a magazine con- 
taining the explosive train. The magazine is screwed into 
the base of the body. The explosive train consists of a fulmi- 
nate of mercury detonator, a relay charge of lead azide, and 
a booster charge. Since there is no interrupter, or other 
safety device, the fuze is considered nonboresafe. 





Figure 5-11.—Fuze PD M75. 


The striker or firing pin usually found in point detonating 
fuzes is not present in the M75 fuze. When a round is fired, 
no action takes place until impact. Upon impact, the head 
is crushed. The set-forward force of the detonator charge 
(or pieces of metal from the body striking the detonator 
charge) initiates action of the detonator. Action of the 
detonator in turn initiates functioning of the booster cap or 
relay charge, which causes the booster charge to detonate. 
The booster action detonates the main charge in the round. 
The fuze requires no preparation for firing. 

Fuze PD Mx 78.—The Mk 78, which is provided with the 
high-explosive round for use in the Mk 12 gun, is a point 
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detonating fuze, armed by centrifugal force and acceler- 
ation (set back). It is boresafe for 24 inches from the 
muzzle, at which point the fuze becomes armed at a muzzle 
velocity of 2,800 feet per second. 

Primer (percussion type).—Ammunition for the M3 gun 
is manufactured with the percussion type primer. The per- 
cussion type primer is fired by a blow from the firing pin on 
the primer cap in the same way that small-arms primers are 
fired. 

Primer (electric type)—Ammunition for the Mk 12 gun 
is provided with an electrically fired primer. The electric 
primer is fired by allowing electric current to flow from the 
firing circuit to the firing pin, which is in contact with the 
primer. Passage of current through the primer generates 
sufficient heat to fire the round. The current that fires the 
round is supplied by capacitor (condenser) discharge. Re- 
coil of the gun breaks the condenser discharge circuit and 
permits the condenser to recharge for the next firing cycle. 

The electric primer is a very effective means of timing g gun 
fire, and from all indications will be used exclusively i in 20- 
mm guns of future design. 


CLASSIFICATION 


M3 eun.—Rounds for the M3 gun are classified as high- 
explosive-incendiary (HEI) M97, incendiary M96, armor- 
piercing with tracer (AP-T) M95, and target-practice 
(TP) M99. The HEI projectile contains both a high-explo- 
sive and incendiary filler. The incendiary projectile con- 
tains an incendiary filler only. The AP-T projectile is a 
solid shot, containing a tracer element for observation of 
fire ; that is, for showing the gunner the path of the projectile 
in flight, The TP projectile is inert. 

Ammunition for the M3 20-mm gun has a muzzle velocity 
of 2,800 feet per second, with the exception of the incendiary 
M96 which because of its lighter projectile has a muzzle 
velocity of 2,840 feet per second. The chamber pressure is 
42,000 pounds per square inch. These four rounds have 
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Figure 5-12.—20mm ammunition. 


matched ballistics, and are approximately the same in shape, 
length (7.2 inches), and weight (0.57 pounds). 

Mx 12 cun.—Rounds for the Mk 12 gun are classified as 
high-explosive-incendiary (HEI) Mk 12, armor-piercing-in- 
cendiary (API) EX 5, and target-practice (TP) Mk 11. 

The ammunition for the 20-mm gun Mk 12 is also matched 
ballistically. It has a muzzle velocity of about 3,300 f. p. s. 
and develops a chamber pressure of 58,000 p. s. i. 


IDENTIFICATION 


In common with other types, 20-mm ammunition is identi- 
fied by painting and markings. The projectiles of rounds 
for the M3 gun are painted as follows: 


High-explosive-incendiary_--. Yellow ogive, red body. 


Incendiary__--------------- Blue ogive, gray body. 
Armor-piercing with tracer__ Black. 
Target-practice___-.------_- Black. 


The projectiles of rounds for the Mk 12 gun are painted as 
follows: 


High-explosive_-_-.-------- Red. 
Armor-piercing-incendiary__ No color. 
Target-practice__._--------- Green. 


The following identification markings are stenciled or 
stamped on the components of all rounds: 

ON PROJECTILE (STENCILED). 

Kind and type of projectile. (See fig. 5-12.) 

Caliber and model designation. 

ON PROJECTILE (STAMPED ON ROTATING BAND). 

Lot number. 

Year of manufacture. 

Manufacturer’s initials. 

Caliber and model designation. 

On HEAD OF CARTRIDGE CASE (STENCILED). 

Ammunition lot number. 

Loader’s initials. 

The letters Exec. (On electrically-fired primer only.) © 
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ON HEAD OF CARTRIDGE CASE (STAMPED IN METAL). 
Designation and caliber of case. 
Manufacturer’s initials or symbol. 

Year of manufacture, in full. 

ON FUZE (STAMPED IN METAL). 

Model and designation of fuze. 

Manufacturer’s initials or symbol. 

Loader’s lot number. 

Year of loading. 


CARE AND HANDLING 


Ammunition for the 20-mm automatic guns is packed in 
cartons in metal-lined wooden boxes or in metal containers 
in wooden boxes, and in Mk 1 Mod 0 steel boxes. Since explo- 
sives are adversely affected by moisture and high temperature, 
the following precautions should be observed : 

Do not break moisture-resistant seals until ammunition is 
to be used. 

Protect ammunition—particularly fuzes—from high tem- 
peratures, including the direct rays of the sun. More uni- 
form firing is obtained if all the rounds are at the same 
temperature. 

Handle ammunition with care at all times. The explosive 
elements in primers and fuzes are highly sensitive to shock 
and high temperature. 

Do not attempt to disassemble any complete round or fuze. 

The complete round should be freed of foreign matter such 
as sand, mud, or grease, just prior to loading into the maga- 
zine or belt. If it gets wet, it should be wiped dry at once. 

Although the use of oil or grease on ammunition is gen- 
erally prohibited, in the case of ammunition for the 20-mm 
gun M83, it is necessary to oil the cartridge case in order to 
prevent jamming. By means of a cloth dipped in and 
wrung out of light preservative lubricating oil, spread a 
light film of oil evenly over the body of the cartridge case 
just prior to insertion of the round into the magazine or belt. 
Extreme care should be taken to prevent oil from getting on 
the primer or joint at the mouth of the cartridge case. 


158 


BELTING 


For use in aircraft machine guns, ammunition must be 
assembled by means of metallic links into belts. These belts 
are assemblies of unit links, one for each cartridge. Figure 
5-13 shows a single link and four caliber .50 cartridges as- 
sembled into a belt. When ammunition is assembled in 
metallic links it forms a flexible belt which can be made into 
any desired length. When firing, as each cartridge is ex- 
tracted from the belt, one link falls free and is ejected from 
the gun into a chute. The chute either drops the link clear 
of the airplane or into a receptacle. 














Figure 5—13.—Section of link belt and individual link. 


Link-Delinking Machine, Cal. .50, M7 


The Link-Delinking Machine M7 is a hand-operated de- 
vice for linking or delinking caliber .50 ammunition. (See 
fig. 5-14.) The machine consists of a base, handle, slide 
(bar), and delinker (bar), and is operated as follows: 

To delink ammunition, partly raise the handle and lay 
the belted ammunition on the base with the separating pins 
between the cartridges and the links against the pins. Then 
lower the handle until the delinker engages the extractor 
grooves in the cartridges, hold the delinker in position, and 
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raise the handle. This will cause the delinker to move rear- 
ward and pull the cartridges from the links. 

To link ammunition, properly assemble links and place on 
base adjacent to the U-shaped link stops, then place car- 
tridges in the grooves of the base, and start them into the 
links. With delinker raised, lower the handle until the slide 
presses against the base of the cartridges, and forces them 
forward into the links. Move handle downward until slide 
is checked by the slide stops on the sides of the base. The 
cartridges will then be loaded to the correct depth in the 






DELINKER 


SLIDE STOP -——" 
SEPARATING PIN 
LINK STOP 


Figure 5—14,—Link-Delinking Machine, Cal. .50, M7. 
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links. Care should be taken to properly position that por- 
tion of the loaded belt that is adjacent to the section being 
loaded. Pivot pins should be cleaned and lubricated peri- 
odically to insure smooth action. Wipe dry of excess oil. 


20-mm Link Loading Machine M16 


Figure 5-15 shows an Army-type 20-mm Link Loading 
Machine M16 assembled for the linking operation. The offi- 
cial designation for this equipment is 20-mm Link Loading 
Machine (Army M16). This machine is a portable unit 
with carrying handles located on the sides and rear of the 
mounting frame. It is normally powered by a one-quarter- 
horsepower motor, but may be operated manually in the event 
of power failure. A variable diameter pulley on the motor 
permits adjustment of operating speeds. 

This machine is designed to mechanically assemble 20-mm 
cartridges into metal clips to form a continuous belt of am- 
munition for use in 20-mm machine guns. Attachments 
are provided to convert this machine so that it will function 
as a delinker for the disassembly of an ammunition belt 
into its components. An adjustment is provided to allow 
use of either M3 or M10 type links in forming the belt. M10 
links (also known as M8E1) are now issued to replace the 
M8 for service use. 

Attachments and accessories for the link loading machine 
include a manual drive handcrank, those parts used only 
for linking operations, and those parts used only for de- 
linking operations. The handcrank replaces the handwheel 
on the drive shaft for manual operation of the machine. 

The attachments for linking operation include the am- 
munition tray, link chute, linking loading wheel guide, am- 
munition feed assembly, and two pushers. 

Special attachments used only for delinking are the de- 
linking loading wheel guide, loading wheel shield, and two 
ejectors. 

Linking operation is performed by feeding cartridges and 
links into the machine by gravity. The cartridges in the 
ammunition tray are picked up by ammunition feed 
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sprockets and carried around to the loading wheel. Links 
are gravity fed from the link chute into link-retaining 
sprockets in front of the loading wheel. Reciprocating 
pushers function to move the cartridges axially along the 
loading wheel into the links held in the link-retaining 
sprockets. The linking is performed in two stages, by 
pushers, as the loading wheel is rotated intermittently be- 
tween strokes. A short pusher first contacts the base of 
the cartridge and moves it partially into the links. The 
pusher then retracts and the loading wheel rotates to align 
the cartridge base with the long pusher. The long pusher 
completes pushing the cartridge into the links while the 
short pusher simultaneously moves the next round into the 
succeeding pair of links. 





Figure 5—15.—20-mm Link Loading Machine M16. 


The delinking process is virtually the reverse of the link- 
ing process. For delinking, the long pusher is replaced 
by a short ejector and the short pusher is replaced by a long 
ejector. Belted ammunition is fed over the loading wheel 
so that the links ride in the link-retaining sprockets. The 
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long ejector first engages the extractor groove of the car- 
tridge and partially pulls it from the links. The loading 
wheel then rotates to align the partially extracted cartridge 
with the short ejector which, as it reciprocates, completes 
pulling the cartridge from the links; at the same time, the 
long pusher partially extracts the succeeding cartridge. 

When assembled for operation, the linker has the following 
characteristics :_ 

Over-all dimensions: 

Length, inches___------------------------- 5454 






Width, inches -- - 4714 

Height, inches___------------------- 335% 
Weight: pounds (including attachments) --_-- 300 
Operating speeds: : 

Powered linking, rounds per minute_-_------ 85-150 

Powered delinking_----------------------- 85-250 

Manual operation (average) ~-.------------- 60 


Operation of Link Loading Machine M16 


For continuous operation of the machine at or near its 
maximum production rate, a minimum of five men is re- 
quired. Three men are required to feed the machine: an 
ammunition loader, a tracer ammunition loader, and a link 
loader. If only one type of ammunition is used, the tracer 
loader will not be needed. To maintain production and sup- 
port the loaders, three additional men are required to open 
the boxes of ammunition and links, supply the loaders, and 
dispose of linked ammunition. Figure 5-16 is a plan view 
showing the position each loader should take around the 
linker, and the recommended locations of the cartridge and 
link containers. The ammunition loader should stand at 
the outboard end and to the rear of the ammunition tray. 
The tracer loader, when required, should take a position on 
the opposite side of the ammunition tray. The link loader 
should take a position in front of the outboard end of the link 
chute. Cartons should be supplied the link loader on pallets 
or carts, and should be placed at the end:of the chute. A 
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Figure 5—16.—Link loading machine—Personnel arrangement. 
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standby pallet or cart of packaged links should be available, 
so that the linker will not be forced to stop operation while 
a fresh supply of links is being moved into position. A 
wheel cart, or some other readily movable container, should 
be placed near the chute for rapid disposal of the empty 
cartons, 

Because of the speed with which the machine must be fed, 
it is impractical to load the ammunition from ten-cartridge 
cartons. Accordingly, it is suggested that the man detailed 
to open the cartons place the cartridge in a suitable container, 
holding not more than 300 rounds, for ease of handling. For 
easy transfer to the ammunition tray, the cartridges should 
be placed in the container with all projectile tips pointing in 
the same direction. Containers of both types of ammunition 
should be placed parallel to the ammunition tray, with the 
cartridges pointing in the same direction as those in the tray. 
At least two containers should be used for each type of am- 
munition, so that each container, as emptied, may be replaced 
by a full one, with a minimum amount of effort and delay. 

Srartine.—Before starting the machine, the main cover 
should be removed and the following precautions taken: 

Manually operate the mechanism by rotating the hand- 
wheel in a counterclockwise direction, and at the same time, 
observe that the working parts function without interference. 
Also observe that the pushers of the reciprocating pusher 
mechanism are centrally located with respect to the grooves 
in the loading wheel assembly. Make any necessary adjust- 
ments in accordance with instructions contained in OP 1713, 
20-mm Link Loading Machine M16. 

Disengage the clutch after the above precautions have been 
taken. Start the motor and then engage the clutch to see that 
the machine functions properly. 

Do not attempt linking or delinking operations with main 
cover or guards removed. 

Danot make speed change adjustments with the motor run- 
ning. Stop motor, disengage clutch, and rotate pulleys by 
hand until belt adjusts to change of motor position. 

Loapine.—In addition to the precautions stated above, the 
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following precautions should be taken in connection with the 
loading of links and cartridges: 

Insert links into the chute with their open sides upward and 
with all single loops either leading or trailing. Links in- 
serted with their open sides downward would cause jamming 
of the machine; links with their single loops not pointing in 
the same direction would cause the belt to be broken. 

Always insert cartridges into the ammunition tray with 
their projectile tips pointing toward the front of the machine. 
Failure to do this would result in a jammed machine and 
might prove hazardous to operating personnel. 

In starting an empty machine, manually operate it with the 
handwheel until the first round joins a link and the linking 
process has begun. 

Always keep the ammunition tray and link chute as nearly 
full as possible during operations. Stop the machine before 
the last few cartridges are out of the ammunition tray or be- 
fore the links fall below the level of the lower vibrator 
hammer. 

Linkine.- 





‘When setting up for linking operations, the 
following additional precautions should be observed : 

Make certain that the loading wheel and feed spur gears 
are neshed in accordance with their index marks. Improper 
mating of these gears would result in misalignment of the 
grooves in the cartridge loading wheel and the feed wheel 
sprockets. 

Inspect. to see that there is proper connection of the vi- 
brator rod to the lower vibrator socket. 

Check vibrator cam follower for proper contact with cam 
on pusher crank. 

Inspect. connection between the pusher crank and pusher 
crank rod, making certain that the crank stud is seated in 
the hole marked tinxer. 

Inspect pushers for proper assembly, with the short pusher 
assembled in the upper bushing. 

Make sure that the link selector and vibrator assembly are 
adjusted for the type of link to be used. 
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Devinkinc.—When setting up the machine for delinking 
operations, the following precautions should be observed: 

Inspect connection between the pusher crank and pusher 
crank rod, making certain that the crank stud is seated in 
the hole marked pELINKER. 

Assemble belted ammunition in the grooves of the loading 
wheel, with the open sides of the links upward. 

Assemble the first cartridge of the belt in the highest 
groove in the ascending side of the loading wheel. 

Make certain that the link selector and vibrator assembly 
are adjusted for the type of link connecting the rounds. 

- Inspect ejectors for proper assembly, with the long ejector 
assembled in the upper bushing. 

Suutrine pown.—Upon completion of operations, ob- 
serve the following precautions: 

Clear the machine of all remaining cartridges and links. 
See that the feed wheel, loading wheel, ammunition tray, 
and link chute are empty. 

Disengage the clutch and disconnect the motor cable from 
the outlet socket. 


SPECIAL AMMUNITION 


Cartridges for Use in the Douglas Bomb Ejector 


The 1-rncH Cartrince Mx 1 Mop 2 (Boms Evrcror) was 
the first cartridge released for service use in the Douglas 
Bomb Ejector, which is mounted in certain attack aircraft. 
The cartridge provides power to displace the bomb or other 
load to sufficiently clear the propeller when the aircraft is 
in a diving attitude. At the time the Mk 1 cartridge was 
designed, it was anticipated that only loads weighing be- 
tween 500 and 2,000 pounds would be carried on this station. 

The 1-1ncur Carrrivge Mx 1 anp Mops can be used when 
carrying loads on the bomb ejector which weigh between 
325 pounds and 2,000 pounds inclusive. Loads in this weight 
and size range will safely clear the propeller when the air- 
craft is in diving attitudes up to 90°, except that 
when carrying the 2,000-pound GP Bomb AN-M66A2, the 
diving attitude should not exceed 80°. Aircraft torpedoes 
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can be launched satisfactorily in level flight when ising this 
cartridge. 

The 1-inch Cartridge Mk 1 and Mods cannor be used when 
carrying the following on the bomb ejector: 

1. Loads weighing less than 325 pounds. The energy 
provided by the cartridge is in excess of the amount required 
to displace the lighter loads clear of the propeller, and the 
ejector mechanism is damaged. 

2. The Mine Mk 34, which would be damaged by the 
force exerted by the bomb ejector foot. The Mk 34 mine 
is an advanced underwater weapon (AUW) and because 
of its security classification has not been discussed in this 
text. 

The 1-1Ncu Carrripce Mx 2 Mop 0 has been designed to 
correct the above deficiencies. The Mk 2 cartridge is shorter 
than the Mk 1 and contains a reduced charge. It is intended 
for use when carrying such loads as the 100-pound Water- 
Sand-Filled Practice Bomb Mk 15, the 250-pound GP Bomb 
AN-M57A1, and the Mine Mk 34. The latter should be 
launched only in level flight. Loads no larger in size and 
weight than the AN-M57A1 bomb will safely clear the pro- 
peller in dives up to 90°. Use of the Mk 2 cartridge with 
loads which weigh less than the water-only filled Practice 
Bomb Mk 15 (58 pounds) will damage the bomb ejector. 

Engine starter cartridges sHouLp Nor be used in the 
Douglas Bomb Ejector. The design of these cartridges in- 
corporates an inherent excessive and inconsistent lag be- 
tween completion of the firing circuit and functioning of the 
cartridge. This lag is unimportant when cartridges are 
used in engine starters, but has an adverse effect. on accuracy 
of bomb placement when used in the bomb ejector. 

Both Mk 1 and Mk 2 cartridges have electrically fired 
primers. 


Personnel Ejection Catapult Cartridge Mk 1 Mod 0 


The Personnex Eyrcrion Catarutt Carrripce Mx 1 Mop 
0 is designed for use in the personnel catapults which are 
a part of ejection seat installations. The cartridge has a her- 
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metically sealed aluminum case with an ignition charge of 
100 grains of black powder, and a propellant charge of 128 
grams of smokeless powder. It is percussion fired, and is 
designed to eject the seat with an acceleration of 18G. 

The cartridges are packed three to a hermetically sealed 
tear strip metal can, and four such cans to a metal container. 
Cartridges are to be handled and stored as small-arms am- 
munition. Ejection seats with cartridges installed should be 
shielded from direct sun, steam pipes, or other sources of heat 
when removed from the aircraft. 

Instructions covering the installation of this cartridge in 
ejection seat catapults are contained in the specific Handbook 
of Maintenance Instructions for each type of aircraft using 
ejection seats. It is to be emphasized that the firing mecha- 
nism of the catapult must be cocked and the catapult safety 
pin must be secured before screwing this mechanism back in 
place. In the uncocked position the firing pin will strike the 
cartridge primer when the firing mechanism is screwed down. 

The service life of the cartridge is established by the Bu- 
reau of Ordnance. This service life begins at the time the 
container is opened, regardless of whether the cartridge is in- 
stalled in a plane or merely stored in the open box. 

A srorace life of 3 years has been established on any car- 
tridge tor, after which the lot must be installed in planes or 
the lot reaccepted on the basis of tests of representative sam- 
ples. This storage life may be extended by the Bureau of 
Ordnance if experience shows it to be too conservative. 

When a container of 3 cartridges is opened, the date of 
opening the can and the expiration date shall be stenciled in 
indelible ink on the cartridge cases of all 3 cartridges as 
follows: 

Container opened ___-__- year. 
Service life expires __ year. 

On expiration of the cartridge service life, as determined 
by BuOrd, the cartridge must be removed and disposed of, 
and a fresh cartridge installed. 

Prior to installation in an aircraft, the type and bureau 
number of the plane in which the cartridge is to be installed 
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shall be stenciled on the cartridge case. No cartridge shall 
be removed from one aircraft and used in another. 

When a cartridge is installed in an aircraft, an entry to in- 
dicate the following data must be made in the aircraft log in 
the section designated “Replacement of Major Components 
and Accessories” : 

1. Date of installation. 
2. Lot number of the cartridge. 
3. Cartridge expiration date. 

Unserviceable, overage, or replaced cartridges shall be dis- 
posed of ashore as directed by the Bureau of Ordnance. Ac- 
tivities afloat may dump such cartridges at sea in accordance 
with current BuOrd Instructions. 


QUIZ 


. Name the four components of a small-arms cartridge. 
. What is meant by the term “boattailed”? 


. What is the purpose of the primer? 


PO nD 


. Cartridges are identified as to size by the (1) __--------, and shot- 
gun shells are identified as to size by the (2) ~---------. 


5. Cartridges are identified as to type by the ---------- of the bullet 
tip. 

6. Why are grades assigned to each lot of ammunition? 

7. All grade 3 ammunition is to be considered as __-------- ammu- 
nition. 

8. In cartridge nomenclature, what do the letters API mean? 


9. Name the five component parts of a round of 20-mm HEI am- 
mnunition. 


10. Why is 20-mm ammunition not considered as small-arms 
ammunition? 


11. What are the three functions of the rotating band on the projectile? 


12. 20-mm ammunition is manufactured with what two types of 
primers? 


13. Why must the Fuze PD M75 be considered nonboresafe? 


170 


14. Name the component parts of the explosive train in the Fuze 
PD M75. 


15. For identification purposes, what information is stenciled on the 
projectile of 20-mm ammunition? 
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CHAPTER 


ROCKETS AND JATO 


The use of rockets in warfare is not a recent development ; 
in the thirteenth century they were used by the Chinese in 
the defense of Peiping against the Mongols. During the 
first two decades of the nineteenth century an Englishman, 
Sir William Congreve, developed artillery rockets that 
weighed up to 24 pounds and had a range of about 2 miles, 
and the British used these during the Napoleonic Wars and 
the War of 1812. 

The revolutionary gun designs later in the nineteenth 
century, along with the development of smokeless powder, 
partially eclipsed the further development of rockets as a 
military weapon until World WarII. During World War I, 
for example, rockets were largely restricted to such auxiliary 
jobs as signaling, and carrying lines in sea-rescue work; their 
only aerial offensive use consisted of tying them to the struts 
of French and Russian airplanes and shooting them into 
German observation balloons. 

Beginning in the latter part of 1941, the armed forces of 
Germany, Great Britain, and Russia came out with military 
applications of the rocket principle, all having worked on it 
for several years before the outbreak of war. Rockets were 
still much less accurate than guns, but they made up for this 
shortcoming by the fact that they had no recoil and could be 
fired from a simple light launcher instead of a heavy gun. 
They could be used where absence of weight was desirable or 
a great volume of fire was more important than accuracy. 

By 1941 the United States had also embarked on a rocket 
program and began rocket operations in the North African 


172 


campaign of World War IT with the Rocket Launcher M1, 
otherwise known as the bazooka. The year 19438 saw the first 
aircraft rockets used and by the end of the war a variety of 
aircraft rockets were in combat use, ranging in size from the 
3.5-inch rocket to the 11.75-inch “Tiny Tim.” 

A rocket is a self-propelled projectile or vehicle which 
burns solid or liquid fuel in a combustion chamber. This 
combustion chamber is generally a tube, closed at the front 
end and with a restricted nozzle on the other. The fuel is usu- 
ally solid in unguided rockets and liquid in the large guided 
missiles. 





Figure 6—1.—Forces acting in a rocket motor. 


As the fuel burns, large quantities of gas are produced, 
resulting in high pressures within the tube. Force is ex- 
erted in all directions by the pressure; pressure against the 
sides cancels itself, but pressure against the closed end of the 
tube has no counter effect from the opposite end, which is 
partially open. Thus there is thrust against the closed end 
and the rocket moves in that direction; the thrust produced 
here is roughly 67 percent of the total. The remaining 33 
percent is produced as the exhaust gases rush out through 
the venturi tube (see fig. 6-1). Due to the shape of the 
venturi, the velocity of the escaping gas is increased as it 
travels through the restricted opening, with a corresponding 
decrease in pressure. As soon as the gas passes the opening, 
it expands and pushes against the sloped sides of the venturi 
outlet, resulting in additional thrust against the rocket. 
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JATO is another application of the rocket principle. The 
term JATO is an abbreviation of “Jet Assisted Takeott”; 
strictly speaking, the nomenclature is incorrect in that a 
JATO unit is actually a rocket and not a jet engine, as the 
word “jet” is used in aviation today. JATO will be dis- 
cussed in the latter part of this chapter. 

Military rockets may be classified, according to the means 
of control, into two general types: (1) the unguided rocket, 
the course of which cannot be altered once launched; and 
(2) the guided missile. This text does not deal with the 
guided missile. 


AIRCRAFT ROCKETS 


Until recently, airplanes had two weapons: relatively 
small caliber guns and bombs. Bombs are not wholly satis- 
factory for some purposes because they lack penetrating 
power unless dropped from great heights. In addition, it is 
relatively difficult to aim a bomb because its path in falling 
describes a curve rather than a straight line. Aircraft guns 
are relatively easy to aim because their projectiles travel in 
a flat curve; however, these guns must be comparatively 
small because aircraft structures cannot stand the recoil of 

* larger weapons. The 75-mm gun has been mounted in air- 
craft, but the recoil problems have been difficult to solve. 

On the other hand, the smauesr air-to-ground rocket 
used today, the 2.75-inch rocket, has as much or more ef- 
fect on impact with a target than a projectile from an air- 
borne 75-mm gun with all its weight and recoil. The 2.75 
Folding Fin Aircraft Rocket presently in service is pri- 
marily an air-to-air rocket. Air-to-ground utilization of this 
rocket with a different type of head is contemplated. The 
larger rockets have proportionally greater destructive effect 
and a fighter plane’s salvo of 5-inch High Velocity Aircraft 
Rockets (HVAR) is the equivalent of a destroyer’s salvo 
power. It is true that a rocket will not attain quite as much 
velocity as a gun projectile, but the rocket can be delivered 
to any target within combat range of the carrying aircraft 
and fired from a great variety of angles and altitudes. 
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Since the airborne rocket is usually launched at close 
range—about 1,000 yards—its accuracy as a propelled pro- 
jectile is much higher than that of a free-falling bomb 
dropped from high altitude. The rocket’s velocity during 
flight is much higher than that of a bomb, and mobile land 
and sea targets have practically no time in which to take 
evasive action. 

Aircraft rockets are at present stabilized by means of fins, 
either fixed or folding, but spin-stabilized aircraft rockets 
are under development. 

Standard rocket terminology has been agreed upon for 
use by all branches of the Armed Forces. In accordance 
with the agreement, the Bureau of Ordnance has adopted 
the following terminology : 

1. Heap.—That part which is functionally similar to a 
projectile and which contains the high-explosive, chemical 
or pyrotechnic filler. The caliber of the complete rocket is 
determined by the outside diameter of the head. 

2. Moror—The motor tube, nozzle or nozzles, and pro- 
pellant grain and igniter. 

3. Fry or FIN AssEMBLY.—Stabilizing components of a 
nonrotation rocket. Figure 6-2 shows the separated head, 
motor, and fin assembly of an 11.75-inch aircraft rocket. 

4. Caste.—Connection between the igniter and the elec- 
trical plug. 

5. Pruc.—Electrical connection to the aircraft’s rocket 
firing system. The plug fits into a socket on the launcher 
or aircraft structure. 

6. ELecrricaL conNECToR.—An assembly consisting of the 
cable, plug, and usually the nozzle closure disk. 

7. Fuze.—The device in the nose and/or base of the rocket 
head which detonates or expels the charge. 

8. Lue BANps.—Bands which are attached to the motor tube 
and which are equipped with fittings to suspend the rocket 
from the rail or post launchers. When the fittings are at- 
tached directly to the tube, they are referred to as lugs. - Bur- 
TON lugs are used on rail launchers, while TUNNEL and BUTTON 
lugs are used on most post or pylon launchers. The after sus- 
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pension band, when used, sometimes acts as a forward fin stop 
and prevents the fins from turning. 

A complete round of rocket ammunition is the rocket as- 
sembled with all its components, ready for service use. The 
designations for complete rounds are determined by combin- 
ing descriptive terms in the following sequence: 

1. Caliber. 

2. “Rocket.” 

3. Mark and Mod. 

4. Parenthetical phrase including type of craft from which 
launched, such as “Aircraft” or “Surface,” followed by the 
designation “Practice” or “Dummy,” if applicable, or by des- 
ignation of the head type. This may be High-Capacity, 
Common, General-Purpose, and so on, including “SS” for 
spin-stabilized rockets. 

The following is an example of a typical round designa- 
tion: 11.75-1ncH Rocker Mx 3 Mop 0 (arrcraFr coMMON). 

Note that the individual components of a complete round 
will have their own Marks and Mods, while the complete 
round may have a different designation. Thus the 11.75-inch 
Rocket Mk 3 Mod 0 (Aircraft Common) is the designation 
for a complete round which uses a Mk 2 Mod 0 head and a Mk 
1 Mod 1 motor. 

It should also be noted that the velocities given elsewhere in 
this chapter apply to a rocket if fired from a stationary 
launcher. When fired in the air, the speed of the firing air- 
craft must be added to the speed of the rocket in order to 
obtain true velocity. 


ROCKET COMPONENTS 
Heads 


The rocket head varies with the type of rocket and the tar- 
get to be attacked. Targets such as submarines, tanks, or 
light vessels may call for solid steel heads or explosive armor- 
piercing heads. Pillboxes, shipping, or gun emplacements 
may require high-explosive heads filled with TNT, or similar 
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explosive, and equipped with instantaneous nose fuzes, de- 
layed-action base fuzes, or both. (See figs. 6-8 and 6-4.) 

The heads used in aircraft rockets are defined as follows for 
all the United States Services: 

GerNneRAL-PuRPOsE (GI).—Medium-walled heads contain- 
ing less than 30 percent by weight of explosive. These heads 
have good blast effect and good penetration against light 
armor. Nose fuzes, base fuzes, or both are used. 





Figure 6—3.—Types of rocket heads. 


Smoke HEAps.—These heads are loaded with chemical 
agents which are primarily intended to produce smoke for 
spotting purposes. 

Frare weaps.—Flare heads contain a pyrotechnic flare ele- 
ment attached to a small parachute, together with a small 
ejection charge. In earlier types, a fuze ignites a length of 
time fuze which in turn ignites the ejection charge. The 
ejection charge ignites and expels the flare, which is sus- 
pended from its parachute during descent. Later types of 
flare heads will use a mechanical time fuze. 
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Practice HEAps—These heads are intended for use with 
live-loaded service motors for training in rocket firing or 
testing fuzes and motors, or with inert motors, for assembly 
asdummy rounds. The service heads used in practice rounds 
closely approximate the loaded service heads in shape and 
weight and generally have provision for installation of serv- 
ice fuzes. When a filler is required for weight, plaster or 
similar inert material is used. The sprciaL neaps intended 
for use with the suBCALIBER ROCKET MoTorS generally consist 
of a 1-piece steel,or die casting and contain neither filling nor 
fuzes. Later types of special heads may: be fitted with a 
mixture which will emit a smoke puff on impact, thus indi- 
cating the location of the hit. 








NOSE FUZE CONICAL 
MARK 149 MOD.O NOSE PLUG 


5.0" ROCKET HEAD 
MARK 1 MOD.O 


BASE FUZE 
MARK 165 


FUZE ADAPTER 
RING 


Figure 6—4.—Rocket head with nose and base fuzes. 
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Heat neaps.—High Explosive Anti-Tank. These heads 
are intended for use against armored targets. They contain 
a cone which produces a shape charge effect and will pene- 
trate light armor. 

Motors 


The rocket motor is a seamless steel or aluminum tube 
largely filled with ballistite or SPCG, double-base propel- 
lants designed to burn at a slower rate than gunpowder and 
to generate a great volume of gas. In all except 11.75-inch 
aircraft rockets, this propellant is a single grain. In sub- 
caliber training rockets the grain is in cylindrical form with 
longitudinal channels for the escaping gas, while in most 
service rocket motors, such as the 3.25-inch and 5-inch, the 
grain is in cruciform, or cross shape (see fig. 6-5). A recent 
development is a propellant grain with a star-perforated 
cross section to provide more uniform burning characteristics. 

Following is a description of the component parts of a 
typical rocket motor, the 3.25-inch Mk 7 and Mods: 

Front sHippine cap.—The front shipping cap is screwed 
onto the front end of the motor tube. It protects the threads 
on the front end of the motor and seals the front end from 
moisture and foreign matter during shipment and storage. 

CARDBOARD SPACER AND FIBER Disks.—In the front end of 

* the motor are several fiber disks and a cardboard tube used to 
fill the space remaining in the tube after the other compo- 
nents of the motor have been loaded. When the head is as- 
sembled to the motor, these disks and the spacer SHOULD NoT 
be removed. 

Feir pap.—The igniter, located behind the felt pad, is 
protected from shocks by the pad, which also takes up any 
changes in the length of the propellant grain due to expan- 
sion. The felt pad is held in place by the fiber disks which 
are cemented in place in the tube. 

IcnirEr.—The igniter in this motor consists of a plastic 
case containing black powder and an electric squib. The 
squib is a fine bridge wire connected across copper lead wires, 
and when current is sent through the squib, it becomes very 
hot, thus igniting the black powder which in turn ignites the 


180 


“4OJOUL 494204 YUI-GZ"E Ys JO S]ID}aqG—"G—9g ainBiy 





YOLIGIHNI- ay 39 — 
YOLIGIHNE 


BOLIGIHNI-INO MS ens 





SHSIG w3I4 — — 
dV) ONIddIHS INO wd, 





NIV4D INV119d0ud - 

ONV@ ON) NOLING 

ONv@ 91 1aNNnL— 
312Z0N 


dV) ONIddIHS Yv ae 


181 


13 


308378 °—55. 


propellant. The leads to the squib pass through the motor 
tube to the nozzle where they are connected to the electrical 
connector used in firing the rocket. The minimum amount 
of electricity required to ignite the igniter is only 14 volt 
and 14 ampere. 

The igniters used in the 5-inch HVAR motors are metal- 
cased black powder. 

Front rnurerror.—The inhibitor is made of plastic mate- 
rial and is cemented to the front end of the propellant grain. 
It aids in controlling the burning area of the propellant, 
thereby controlling the pressure which is developed. 

PropeLLaNT Grain.—The propellant is a single grain of 
ballistite shaped in the form of a cross. Inhibitor strips, 
cemented to the grain, control the burning area of the grain 
and hence the pressure developed within the motor tube. 
The burning time of the grain varies from 0.3 to 1.75 seconds, 
depending on temperature. A cold motor will burn a longer 
time with less pressure than a hot motor, although both will 
attain the same ultimate velocity. A motor which is heated 
above the safe limit is likely to produce gas faster than it 
can be expelled through the nozzle, and an explosion results. 
For maximum safety and uniform performance, all rounds 
should be stored in temperature-controlled magazines when- 
ever possible. 

The gases produced by the burning of the grain are ex- 
pelled through the nozzle or nozzles at nearly 7,000 feet per 
second and at temperatures at the throat of around 5,000° F. 

Rear inurpiror.—This inhibitor is also made of plastic 
material and is cemented to the rear of the grain, thus sepa- 
rating the grain from the grid. Pins on the grid fit through 
holes in the inhibitor into recesses in the end of the grain. 

Griv.—This is a steel support for the propellant grain hav- 
ing a cross section similar to that of the grain. The grid, 
rear inhibitor, and propellant grain are prevented from ro- 
tating independently by their interlocking construction. 
The grid keeps the grain from moving toward the rear when 
ignited, where it might clog the nozzle, and prevent the gases 
from escaping, and thus cause the motor tube to burst. 


Nozzie.—The nozzle is a steel venturi through which the 
gases flow. A motor may have from 1 to as many as 25, as 
is the case in the 11.75-inch Tiny Tim. 

Nozzux cLosure.—The nozzle is sealed by the nozzle closure, 
a plastic cup which fits inside the nozzle. It provides an 
airtight and moisture proof seal for the motor. The elec- 
trical connector, commonly called the pigtail, is crimped and 
sealed in place in the nozzle closure. 

ELECTRICAL CONNECTOR (PIGTAIL).—The electrical connec- 
tor is an electrical cable that terminates in a male plug for 
plugging into the receptacle of a launcher; in shipment it is 
coiled and placed in the nozzle and enclosed by the rear ship- 
ping cap. The plug of earlier Navy rockets was the two-pin 
type, and some launchers still have a two-pin receptacle to 
accommodate them. Navy rockets now use the Air Force- 
type plug, which is a single pin, jack-plug type. The shank 

‘ provides ground contact while the insulated tip provides live 
contact. A Type B adapter is installed in the two-pin 
launcher receptacle to permit use of the single pin. A short- 
ing clip on the plug shorts out any stray or static electricity 
in the igniter circuit. 

Rear sHIpPinG cap.—This is a metal cup which protects the 
electrical connector during shipment and storage and is held 
in place by the tail ring. The cap is removed when the rocket 
is assembled. Both front and rear shipping caps will blow 
out if the motor is accidentally ignited, so that the rocket mo- 
tor will be nonpropulsive and will be a fire hazard only. 

Tam rinc.—tThe tail ring holds the rear shipping cap in 
place and also holds the fin assembly when assembled to the 
motor. 

Each rocket motor is marked with two temperatures defin- 
ing the range within which it is safe to fire the rocket. An 
attempt to fire a rocket, the temperature of which is less than 
the lower temperature prescribed, will result in spasmodic or 
partial burning with a very short travel. The result of firing 
a rocket which is too hot has already been mentioned. 
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Lug Bands 


Lug bands are clamped securely around the rocket motor 
body fore and aft. A “button” lug band (see fig. 6-5) is 
located forward while a “tunnel” (or loop) lug band is lo- 
cated aft, although in some installations both bands are of the 
button type. The after lug band serves also to lock the tail 
fins and prevent their turning. Loading the rocket consists 
merely of slipping the button and tunnel into the bottom of 
the launcher, where a trigger latch locks the rocket in position 
until tripped by the impulse from the pilot’s firing button. 





( , 
; 
: 
i 
oS) 
Figure 6—6.—Rocket stabilizing fins. 
Fins 
The fins, or stabilizing tail for 3.5-inch rockets and above, 
consist of a separate unit which is attached when the rocket 
is being assembled. The fins are either secured in place by 
the tail ring, a spring latch, or the fin assembly is clamped to 
the motor tube. 
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The tail stabilizes the rocket in the line of flight, thus pre- 
venting yawing and skidding. It corresponds to the tail of a 
bomb and is similar in design. (See fig. 6-6.) 

A new development is the folding-fin tail. In this type tail 
the fins fold into or behind the rocket. When the rocket is 
launched, these fins are designed to fly out into a locked posi- 
tion. Folding fins are used on one of the newest rockets in 
service, the 2.75-inch air-to-air rocket, or “Mighty Mouse.” 


Fuzes 


The nose and base fuzes used with aircraft rockets are of 
various types and, like rocket heads, are designed and selected 
for the required service and for the type of rocket to be det- 
onated. Fuzes specifically designed for use in rockets are 
assigned numbers in the “100” series. 

The nose fuze is screwed into the forward end of the head 
during assembly of the rocket. Impact nose fuzes require air 
travel to arm, and full arming is delayed until acceleration 
from the motor has ceased. Impact nose fuzes generally 
have instantaneous action. 

All base fuzes come already installed in the base of the 
head and require no adjustment when the rocket is assembled 
or loaded on the plane. No aTreMpT SHOULD EVER BE MADE 
TO REMOVE A BASE FUzE. Base fuzes usually incorporate a 
delay of 0.015 or 0.020 second and are armed by pressure 
from the burning propellant and the forces of inertia. 

Firing of a rocket fuze may be by impact, by time, or by 
radio proximity; the majority of fuzes currently used are 
of the impact-firing type. Equipping a rocket with both 
nose and base fuzes permits selective fuze action when the 
rocket is launched. 

The pilot may leave the nose fuze safe when the rocket 
is launched, thereby causing the arming wire to be retained 
by the fuze. This prevents the nose cap over the impeller 
from flying off, the impeller does not turn, and the fuze 
remains unarmed. Thus the base fuze detonates with its 
predetermined delay after penetrating any target that offers 
sufficient resistance. If, however, the pilot decides that in- 
stantaneous detonation is desirable, he fires the rocket so 
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that the nose fuze is armed and the fuze detonates immedi- 
ately on impact. 

Nose Fuze Mx 149 Mop 0.—The Mk 149 Mod 0 (fig. 6-7) 
is a typical air-arming, impact-firing nose fuze designed for 
use with 3.5-inch and 5-inch forward-firing aircraft rockets. 
The fuze body fits directly into the fuze seat liner in the 
nose of the rocket head. 
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Figure 6-7.—Cutaway view of the Nose Fuze Mk 149 Mod 0, 


In the unarmed position, the firing pin is screwed down 
alongside the detonator shutter, holding it in a safe posi- 
tion. The impeller is attached to the firing pin and is pre- 
vented from turning by the impeller locking pin which is 
attached to the impeller locking pellet. The cap on the 
nose of the fuze is held tightly in place on the gasket by 
a clamp assembly held together by a safety wire, or by an 
arming wire when the round is loaded on a launcher and 
ready to fire. This cap prevents exposure of the fuze to the 
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weather and is removed only when the rocket is fired with 
nose fuze armed. A cap spring located under the cap bears 
on the top of the impeller, preventing it from turning as 
long as the cap is secured by the safety or arming wire. 
When an assembled round is loaded on the launcher, the 
arming wire is first inserted in a hole provided next to the 
safety wire in the clamp-pin and bushing assembly, after 
which the safety wire is removed. Tuts orRDER MUST NOT 
BE REVERSED OR THE CAP WILL FLY OFF, EXPOSING THE IMPELLER. 

When the round is fired, the arming wire pulls free, re- 
leasing the clamp assembly and allowing the cap spring to 
throw off the cap, thus exposing the impeller. At the same 
time, acceleration inertia forces the impeller locking pellet 
and pin backward, releasing the impeller. The same force 
moves the detonator shutter locking pellet and pin back, and 
as long as acceleration continues, the shutter is held locked 
by the locking pin. The impeller turns outward in a clock- 
wise direction and after about eight turns the firing pin is 
clear of the detonator shutter. When acceleration ceases, 
the shutter locking pin is withdrawn by the action of the 
setback spring on the shutter locking pellet, and the detonator 
shutter is swung into the armed position by the action of the 
shutter spring, provided the firing pin has by this time ad- 
vanced sufficiently to clear the detonator shutter. The shut- 
ter is locked in the armed position by a detent engaging in a 
hole in the firing pin guide. The firing pin jams and stops 
turning when the end of the threads reach the nose plate. 
Upon impact, the firing pin shears the threads in the nose 
plate and is driven into the detonator, thus setting off the 
explosive train. 

Nose Fuze Mk 149 Mod 0 fires at impact angles as low as 
5° to 10° for water, and for land targets which allow slight 
penetration. On hard targets it fires at impact angles of not 
less than 20° to 25°. 

Since the shutter is held in the safe position by the shutter 
locking pin during acceleration, arming will not occur until 
about 0.1 second after acceleration ceases. Therefore, the 
arming distance of the fuze will vary from 200 to 800 feet, 


187 


depending upon initial propellant temperature at which the 
round is fired and whether the fuze is in a 3.5-inch or 5-inch 
rocket. The shorter distance corresponds to a temperature 
of 130° F. and the longer distance to 0° F. 

Nose Fuze Mk 149 Mod 0 is safe as long as the cap and 
clamp on the nose are held in place by the safety wire or arm- 
ing wire. If the cap and clamp assembly comes off acci- 
dentally, the fuze is still safe as long as the arming impeller 
is locked by the locking pin. 

Caution: If the arming impeller is free of the locking pin 
so it can rotate, the fuze is unsafe and proper disposition 
should be made of it. If the fuze is completely armed, the 
arming impeller extends one-half inch from the nose plate. 
Do not attempt to screw the impeller back in; to do so may 
detonate the fuze as well as the rocket head, if assembled. 

Nose Fuze Mx 155 Mop 0.—The Mk 155 Mod 0 nose fuze 
is identical to the Mk 149 Mod 0 except that it incorporates 
a burster tube 3% inch in diameter and approximately 14 
inches long in lieu of a booster charge. The burster charge 
is approximately 65 grams of tetryl, and the fuze is used in 
3.5-inch rocket heads filled with FS smoke mixture or PWP 
(plasticized white phosphorus). The fuze functions on 
impact and the tetryl burster scatters the filler over the 
surrounding area. 

VT Nose Fuze Mx 172 Mop 0.—The Mk 172 Mod 0 is a 
proximity fuze armed, like other nose fuzes, by a combina- 
tion of air travel and inertia. Its operation is similar to 
that of VT bomb fuzes and it will cause an air burst of the 
rocket head at distances between 10 and 40 feet from the 
target. It is particularly effective against personnel without 
top cover, such as men in foxholes and slit trenches and ex- 
posed gun crews aboard ship. This fuze is used in air-to- 
ground firing only and requires a special deep cavity rocket 
head to accommodate it. It may be used in either the 5-inch 
(3.25-inch motor) aircraft rocket or the 5-inch high-velocity 
aircraft rocket. The Mk 172 Mod 0 fuze may be easily recog- 
nized by its exposed 10-bladed arming vane which is sur- 
rounded by an antenna ring. 


ANTENNA RING 
ARMING VANE 
VANE-LOCKING PIN 





SAFETY PIN 


Figure 6—8.—VT Nose Fuze Mk 172 Mod 0. 


Caution: There is no external evidence of arming. If the 
vane lock pin is missing from the antenna ring, the fuze must 
be disposed of. 


Base Fuzes Mk 163 and Mods, Mk 164 Mod 0, Mk 165 Mod 0, 
and Mk 166 Mod 0 


These fuzes function alike, differing only in delay and the 
rocket heads used. 

Fuzes Mk 163 Mods 0 and 1 are used in 11.75-inch Rocket 
Heads (Common) Mk 2 Mod 0 or 1, three fuzes being in- 
stalled in each head to insure detonation. A delay function- 
ing time of 0.02 second is obtained by means of a delay ele- 
ment in the explosive train. 
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Fuze Mk 164 Mod 0 is used in the 5-inch HVAR High 
Explosive (HE) Heads Mk 6 Mod 1 and Mk 6 Mod 4 and 
incorporates a delay functioning time of 0.015 second. 

Fuze Mk 165 Mod 0 has a delay time of 0.02 second and has 
an adapter ring added for assembly to the 3.25-inch motor 
Mk 7%. The fuze is used in 5-inch HE Rocket Heads Mk 1 
Mod 0 and Mk 1 Mod 1. 

Fuze Mk 166 Mod 0 is used in 5-inch HVAR HE Head 
Mk 2 Mod 2. 

All four fuzes are armed by a combination of gas pressure, 
inertia, and deceleration. Between 275 pounds and 325 
pounds of gas pressure within the motor tube is required for 
complete arming. They fire due to inertia of the internal 
parts upon impact. 

These fuzes are modifications of an earlier fuze, the Mk 157 
shown in figure 6-9, and have essentially the same function- 
ing mechanism. Certain safety features such as a gas check 
to keep pressure and heat from the explosive filler have been 
added and performance on heavy oblique impacts has been 
improved. 

The operation is as follows (refer to fig. 6-9) : Gases from 
the rocket motor enter the pressure chamber through a small 
opening in the inlet screw, debris from the burning propel- 
lant being filtered out by the inlet screen. When the pressure 
in the chamber is between 275 pounds and 325 pounds per 
square inch (when burning is about half completed) the dia- 
phragm collapses. The arming plunger is forced inward, 
shearing the shear wire which holds the plunger in place. 
Movement of the arming plunger releases the locking ball 
which, in the unarmed position, holds the firing pin body in 
place. This permits the firing pin body to move to the rear 
under the force of its own inertia and action of the firing pin 
‘spring. The firing pin is thus withdrawn from the shutter 
which, in the unarmed condition, is locked in the safe position. 

When the rocket accelerates, the inertia of the shutter forces 
it back against the firing pin guide, compressing the shutter 
spring and engaging a shutter-locking pin in a hole in the 
firing pin guide. About midway during acceleration, the 
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firing pin is withdrawn from the shutter, but the shutter, held 
by its locking pin, remains in the safe position. 

When acceleration is over, the shutter spring forces the 
shutter forward against the lead-in disk, disengaging the 
shutter locking pin from the hole in the firing pin guide. The 
shutter spring then swings the shutter into the armed posi- 
tion, with the detonator assembly in line with the firing pin 
and lead-in, where it is locked by a detent. 
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Figure 6—9.—Cutaway view of Base Fuze Mk 157. 


Upon impact, the inertia of the firing pin body drives the 
firing pin forward, striking and initiating the percussion 
primer in the detonator assembly. This primer initiates the 
explosive train in the detonator assembly which in turn deto- 
nates the lead-in, booster, and main charge. 

Fuzes Mks 163, 164, 165, and 166 are detonator-safe. In 
the unarmed position the detonator assembly is out of aline- 
ment with the explosive train. Should the detonator func- 
tion prematurely, the force of the explosion will be dissipated 
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upward through a hole in the firing pin guide, away from the 
balance of the explosive train. Because of the delay in ad- 
mission of gas from the motor to the pressure chamber, the 
first stage in arming does not occur until about one-half the 
burning time of the motor has been completed. 

Because of this delay, if the rocket motor blows up before 
it leaves the launcher, the fuze should not arm. The burning 
distance of the rocket varies with the temperature as already 
noted and, on the average, fuze arming is completed about 
0.1 second after the end of burning. This corresponds to an 
arming distance of approximately 600 to 1,000 feet. 

Base Fuze Mx 127 Mop 0.—Base Fuze Mk 127 Mod 0 (ob- 
solescent) is an ignition-ejection fuze used in the 3.5-inch 
Rocket Head (Flare) Mk 15 Mod 0. The fuze is designed 
to give a fixed delay of 7.5 seconds between time of firing of 
the rocket and ejection and ignition of the parachute flare 
from the rocket head. 

When the rocket is fired, pressure from the burning black 
powder in the igniter forces forward a diaphragm in the 
base of the head. The diaphragm has an attached firing pin 
which strikes and fires a modified .32 caliber blank cartridge. 
The flash from the cartridge ignites the Fuze Mk 127 Mod 0. 
which consists of a plastic case containing a length of safety 
fuse, one end of which is exposed to the flash of the cartridge, 
and a charge of black powder. The safety fuse burns 7.5 
seconds and then ignites the black powder which ejects and 
ignites the flare. 


COMPLETE ROUNDS OF ROCKET AMMUNITION 


2.25-1ncrt SuBcaLiBer Training Rocxets.—The two types 
of subcaliber training rockets provided for training and prac- 
tice are referred to as SCAR’s (Subcaliber Aircraft Rocket) 
and both use the same head, the Mk 3 Mod 2. This head is 
made of zinc, weighs 1.6 pounds, and is solid. 

Two motors are used and the propellant grain in each is 
cylindrical. The motor tubes have two button type suspen- 
sion lugs which require an adapter to load onto a service type 
launcher. Lugs and tail fins are welded to the motor tube. 
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The two complete rounds listed below are 29 inches in 
length and weigh approximately 11.5 pounds. 

The 2.25-inch SCAR Mk 1 Mod 0 uses Motor Mk 11 and 
Mods, has a velocity of 1,180 feet per second (f. p. s.), and is 
used as practice ammunition for the 3.5-inch aircraft rocket 
or the 5-inch HVAR. 

The 2.25-inch SCAR Mk 2 Mod 1 uses Motor Mk 13 and 
Mods with a velocity of 775 f. p. s. and is used as a practice 
rocket for the 5-inch aircraft rocket with 3.25-inch motor. 
(See fig. 6-10.) l 

AIRCRAFT ROCKETS UTILIZING THE 3.5-INcH Motor Mx 7 
AnD Mops.—The 3.25-inch Motor Mk 7 and Mods is assem- 
bled with various 3.5-inch and 5-inch diameter heads to make 
five different types of service rounds: solid, smoke, flare, 
general-purpose, and practice. The 3.5-inch head is used for 
the solid, smoke, and flare rockets. 

Solid—The 3.5-inch Rocket Head (Solid) Mk 8 Mod 0 or 
1 is a 20-pound solid steel head designed for maximum under- 
water travel and penetration and has a double ogive shape 
(see fig. 6-11). When fired at angles of 20° and less, the 
rocket has a lethal underwater range of 120 feet—that is, it 
will penetrate the hull of a submarine after an underwater 
travel of 120 feet or less. The rocket is primarily an anti- 
submarine weapon but it may be used against any lightly 
armored vessel or vehicle. The complete round, when as- 
sembled, is designated the 3.5-inch Rocker Mx 1 Mop 0 ( Arr- 
crarr Sou). The assembled rocket is 56.5 inches long, 
weighs 55 pounds, and has a maximum velocity of 1,140 
f. p.s. 

Smoke—3.5 inch Rocket Head Mk 6 Mod 0 is a smoke head 
filled with either FS smoke mixture (sulfurtrioxide-chlor- 
sulfonic acid) or PWP (plasticized white phosphorus). 
Nose Fuze Mk 155 Mod 0 is used to scatter the filler on impact 
and no base fuze is installed. The rocket is used to lay aerial 
smoke screens ahead of landing craft, and to mark targets 
and range salvos of high-explosive rockets. When the filler 
is FS smoke mixture, the complete round is designated 3.5- 
inch Rocxer Mx 3 Mop 0 (Arrcrarr Smoxe) and when the 
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filler is PWP the designation is 3.5-inch Rocker Mx 3 Mop 1 
(Aurcrarr Smoke). Both rounds are 69.5 inches long, 
weigh approximately 55 pounds, and have a maximum ve- 
locity of 1,140 f. p.s. 

Flare—The 3.5-inch Rocket Flare Head Mk 15 Mod 0 con- 
tains the Rocket-Head Load (Flare) Mk 7 Mod 1 and Base 
Fuze Mk 127 Mod 0, and is used to illuminate or silhouette 
surface or ground targets. The flare is ejected and ignited 
7.5 seconds after the firing of the rocket and burns for 28 
seconds at an average candlepower of 800,000, descending at 
the rate of 40 feet per second. The complete round is desig- 
nated 3.5-inch Rocker Mx 6 Mop 0 (Arrcrarr Friar) and 
is 67 inches long, weighs approximately 51 pounds, and has 
a velocity of 1,200 f. p.s. 








—ROCKET MOTOR 3.25" 
MARK 7 AND MODS 


Ply 


ans 


ELECTRICAL CONNECTOR y) 
ROCKET HEAD MARK 1 MOD.O — 


AND FUZE ADAPTER 





3.5" ROCKET HEAD 
MARK 8 MOD.O 


Figure 6—11.—Components of the 3.5-inch aircraft rocket. 


General-Pur pose—The two GP rockets which use the 3.25- 
inch Motor Mk 7 and Mods use 5-inch diameter heads and 
thus are classified as 5-inch rockets. The heads are con- 
verted 5-inch .38 caliber gun projectiles and both nose and 
base fuzes are installed. The filler of the 5-inch Rocket 
Head Mk 1 is 8.6 pounds of TNT while the Rocket Head Mk. 
1 Mod 1 contains 8.4 pounds of TNT. The reduction is nec- 
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essary due to enlargement of the nose fuze cavity to accom- 
modate the VT fuze. 

1. The 5-inch HE Rocket Head Mk 1 Mod 0 uses Nose 
Fuze Mk 149 Mod 0 and Base Fuze Mk 165 Mod 0 (fig. 6-4). 
The complete round is designated 5-inch Rocker Mx 1 Mop 2 
(Arrcrarr GenerRAL-Purpose) and is 66 inches long, weighs 
83 pounds, and has a maximum velocity of 715 f. p. s. 

2. The 5-inch HE Rocket Head Mk 1 Mod 1 is the same as 
the Mk 1 Mod 0 except for the nose fuze cavity, which is 
enlarged to accommodate the VT Nose Fuze Mk 172 Mod 0. 
Base Fuze Mk 165 Mod 0 is installed. The complete round 
is designated 5-inch Rocker Mx 1 Mop 5 (Arrcrarr Gen- 
rRAL-Purpose) and is 69 inches long, weighs 81 pounds and 
has a maximum velocity of 715 f. p.s. 

Practice—The 5-inch HE Rocket Head Mk 1 Mod 0 is 
filled with plaster to make a practice head. No fuzes are 
installed but the flat nose shipping plug must be replaced 
with a conical nose plug (fig. 6-1). The complete round is 
designated 5-1ncu1 Rocker Mx 2 Mop 0 (Arrcrarr Prac- 
TICE), is 66 inches long, weighs 83 pounds, and has a max- 
imum velocity of 715 f. p. s. 

AIRCRAFT ROCKETS UTILIZING THE 5-INCH Hicu VELOCITY 
Arrcrarr Rocxer Morors.—Several combinations of gen- 
eral-purpose, antitank, and practice rockets use the High 
Velocity Aircraft Rocket (HVAR) Motors Mk 2 Mod 3 
or 4 and Mk 10 and Mods. All the heads used, with one 
exception, are of 5-inch diameter, and all the 5-inch high- 
velocity rockets have a maximum velocity of 1,360 f. p. s. 
Ballistite is the propellant used. 

The 5-inch HVAR motor consists of a seamless steel tube 
with internal threads on both ends. <At the rear is a nozzle 
plate having eight nozzles arranged in a circle and a larger 
central blowout nozzle closed by a copper disk. The blow- 
out nozzle acts as a safety valve, the copper disk being de- 
signed to blow out if the internal pressure exceeds 2,400 
pounds per square inch which is the normal maximum pres- 
sure when the propellant grain temperature is 100° F. In 
this manner, the usable temperature range of the rocket is 
increased. 
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Motors as currently issued have the lug bands positioned 
24 inches apart for installation on Areo 14A launchers. If 
the rocket is to be used with the Mk 9 launcher, the two 
button lug bands are positioned as indicated by the two 
positioning holes located six inches apart on the motor tube. 
Motors Mk 2 Mods 3 and + and Mk 10 Mod 4 do not have 
the extra tunnel lug band for installation on the Aero 144 
Launcher. 


FRONT SUSPENSION LUG BAND 






motor 


REAR SUSPENSION LUG BAND 
BLOWOUT NOZZLE 


ELECTRICAL CONNECTOR CPIGTAIL 


Figure 6-12.—5-inch High-Velocity Rocket (Aircraft General-Purpose). 


The various heads used in 5-inch HVAR’s are listed 
below: 

The 5-inch HE Aircraft Rocket Head Mk 6 Mod 1 is used 
with either HVAR Motor Mk 2 and Mods or HVAR Motor 
Mk 10 and Mods. This head is fuzed with Nose Fuze Mk 
149 Mod 0 and Base Fuze Mk 164 Mod 0, and contains ap- 
proximately 7.5 pounds of TNT. The same head, filled 
with plaster and with a conical nose plug, is assembled to 
the Mk 2 and Mods motor to make a practice rocket. The 
complete GP or practice rocket is 69 inches long and weighs 
about 137 pounds. 

The 5-inch HE Aircraft Rocket Head Mk 6 Mod 4 is sim- 
ilar to the Mk 6 Mod 1 head except for an enlarged nose 
fuze cavity for installation of the VT Nose Fuze Mk 172 
Mod 0. Base Fuze Mk 164 Mod 0 is used. This head is 
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assembled to I1VAR Motor Mk 2 and Mods to make up the 
complete round. 

The 5-inch HE Aircraft Rocket Head Mk 2 Mod 2 is used 
with HVAR Motor Mk 2 and Mods or HVAR Motor Mk 10 
and Mods. The head uses Base Fuze Mk 166 Mod 0 and 
a nose fuze is not installed. 

Awntirank Arrcrarr Rocker (ATAR) Heaps cannot be 
discussed in detail in this text. The 6.5-inch ATAR head is 
being superseded by a 5-inch head; fuzing of the two differs 
but the principle is the same. Both heads are so-called 
“shaped charges” which employed the “Munroe effect” to 








FUZE or FIRING 
DEVICE 


HOLLOW METAL 
LINED CONE 


ROCKET HEAD 
CASE 





EXPLOSIVE 
(COMPOSITION'B’)! 


BOOSTER 


Figure 6—13.—Typical shaped-charge rocket head. 
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penetrate the surface of the target with a jet of gas and 
molten metal particles in much the same manner that a stream 
of water from a hose will penetrate mud. A typical shaped 
charge is shown in figure 6-13. While detonation of a 
shaped-charge head always occurs outside the target, the 
stream of gas and metal particles will penetrate a very con- 
siderable amount of armor plate at a speed of about 30,000 
f.p.s. Once inside the target, this stream fans out and any- 
thing in its path will be damaged, destroyed, or rendered a 
casualty, as the case may be. 

The windshield is a thin metal cone which has a two-fold 
purpose: (1) it streamlines the nose and (2) it holds the fuze 
or firing device the correct distance ahead of the main body. 
In order to take maximum advantage of the Munroe effect, a 
shaped charge must be detonated when the main charge is a 
definite distance from the target surface. Penetration and 
effect is also controlled by the depth and size of the metal-. 
lined cone which is indented into the front of the explosive 
charge. This indented cone produces the Munroe effect with 
its stream of gas and molten metal. 

The explosive filler in both types of heads is Composition 
B, and while the heads are primarily designed for use against 
heavily armored tanks, they have a blast and fragmentation 
effect slightly better than that of standard GP heads. 

11.75-1nco Rocker (Arrcrarr Common).—This rocket, 
largest service rocket to date, consists of the Mk 2 Mod 0 
motor and the Mk 4 Mod 2 head and is 115 inches in overall 
length, weighs 1,178 pounds, and has a velocity of 900 f. p.s. 
It is called the “Tiny Tim” and has proved effective against 
shipping, heavy fortifications, coastal defenses, and oil stor- 
age facilities. 

Motor Mk 2 Mod 0 is approximately 72 inches long; this 
is about 10 inches shorter than earlier motors to facilitate 
handling aboard ship. The nozzle plate which is screwed 
into the after end of the motor tube contains 2+ nozzles ar- 
ranged around a larger central blowout nozzle which is closed 
by a copper shear disk. In normal operation the gases from 
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the burning propellant do not pass through the central noz- 
zle, but if the internal pressure exceeds approximately 2,000 
pounds per square inch, the shear disk is expelled, bringing 
the central nozzle into operation. This feature allows the 
motor to operate satisfactorily over a wider temperature 
range. 

Inside the motor tube are 4 grains of propellant with a 
metal-cased igniter composed of 14 pound of black powder 
and 2 electric squibs wired in parallel and connected to recep- 
tacles in the nozzle plate. The 4 propellant grains, which 
have a total weight of 150 pounds, are shielded from each 
other and supported in the tube by a charge support which 
extends almost the whole length of the tube (fig. 6-14). The 
grains and charge support are supported by the grid which is 
bolted to the nozzle plate to make the whole assembly rigid. 








Figure 6—14.—Grid and charge support assembly (4-Y construction). 


Two suspension bands with standard bomb lugs are lo- 
cated 14 inches apart on the motor tube for attaching the 
round toa bomb rack or shackle, and a hoisting band is located 
near the center of gravity. The rocket is not only too large 
to fit on any standard launcher, but emits such a volume of 
gas and flame when ignited that any adjacent wing surface 
would be burned. Instead, the rocket is dropped from the 
rack or shackle and after clearing the launching plane is 
ignited by an attached magneto firer. 

The magneto firing device is designated Rocker Firer Mk 
3 Mop 0 or 1 and is secured in a housing attached to the tail 
end of the rocket between the fins. Coiled inside the housing 
is a lanyard, secured at one end to the magneto armature and 
at the other to the aircraft. When the rocket drops free of 
the launching aircraft, the lanyard pays out until it is ex- 
tended 16 feet, when it actuates the magneto armature. The 
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current thus generated is fed through the electrical connectors 
to the two squibs in the igniter and ignites the black powder 
charge and propellant grains. 

Mod 1 is essentially the same as Mod 0 but has a small hole 
in its rear plate through which a copper wire extends to indi- 
cate the armature is in the safe or nonfiring position. If the 
wire is not visible, the rocket must not be loaded until the 
firer has been properly adjusted. 

The fins are shown in figure 6-6 and are aluminum, 10 
inches by 24 inches. They are attached to the motor by two 
bands which are clamped around the tube at the time of 
assembly. 

The 11.75-inch Rocket Head Mk 4 Mod 2 is the regular 
service-issue head. It weighs approximately 578 pounds 
as fired, contains 148.5 pounds of TNT and is fuzed with 
three Base Fuzes Mk 163 Mod Oor 1. A nose fuze is not used. 
The head is equipped with a handling band which must be 
removed after assembly. 

Early type Tiny Tim heads were modified 500-pound SAP 
bombs AN-M58A1. 


AIR-TO-AIR ROCKET DEVELOPMENTS 


One of the latest developments in rockets is the air-to-air 
rocket known as the “Mighty Mouse,” officially designated 
the 2.75-1ncH Foupine-Fin Arrcrart Rocker (FF AR) Mx 1 
AND Mops. In its present stage of development, this rocket 
is powerful enough to destroy an enemy aircraft with a single 
hit and was designed primarily for use by fighter planes 
against attacking bombers. 

The Mighty Mouse is carried in and launched from a 
tubular launcher. Fixed fins would be impractical in such a 
launcher, so the fins are the folding type; when stowed in the 
launcher, the fins are folded behind the motor tube and lie 
within the diameter of the round. When launched, the fins 
flip out into the windstream as the rocket emerges from the 
launcher tube. 

The 2.75-inch FFAR’s are carried and launched from 
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“pods” which are hung from aircraft wings and fuselages 
on bomb racks and shackles. These pods permit rapid re- 
arming of fighter and attack aircraft aboard carriers, where 
time is often vital. Two pods have been developed, one 
holding seven Mighty Mouse rockets and a larger one with 
19 rounds. Each rocket has its own launching tube. The 
pods are made of cardboard impregnated with plastic and 
the rockets (less heads) are stored in the pods for shipment 
and storage in magazines. When used, the heads are in- 
stalled, streamlined frangible nose and tail caps are placed 
on the main container, and the assembly is loaded on the 
aircraft. The cardboard pod is jettisoned after firing; it 
is both cheap and light and especially valuable for fast 
arming or rearming of planes. ; 

It is obvious that a tremendous amount of firepower is 
thus available on the individual aircraft. If a plane has 
12 rocket launchers and a 19-rocket pod is loaded on each, 
the plane could fire a total of 228 rounds of 2.75-inch mis- 
siles. These rockets are almost as effective as a 75-mm gun 
projectile. 


PAINTING AND MARKING 


Service ammunition is painted with lusterless paint to 
prevent rust and in various colors to provide means of 
identification. Ammunition items are marked by stamping 
in the metal, or by stenciling, the type, size, model, and lot 
number. The safe temperature range for storage and use 
is shown on the rocket motor. 

In general, rocket motors are painted olive drab. The 
colors used for painting Navy rocket heads are as follows: 


High-explosive_____--_- Olive drab; marking in white. 

Chemical (casualty gas). Gray; green band, lettering in 
white. 

Chemical (smoke) -_---- Gray; yellow band, lettering in 
white. 

Practice__ --- Blue; marking in white. 






Anette schneossekhse te. Black; marking in white. 
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ASSEMBLY AND LOADING 


Assembly of the component parts of an aircraft rocket 
into a complete round ready for firing is one of the duties 
of the Aviation Ordnanceman. Rockets should not be as- 
sembled until shortly before use. A motor is mainly a fire 
hazard until the head is assembled to it, after which it will 
travel at full velocity if accidentally ignited. 

These instructions are general in scope and the Aviation 
Ordnanceman should refer to the Ordnance Pamphlet deal- 
ing with the specific rocket to be assembled unless thoroughly 
experienced. Fully detailed assembly and loading instruc- 
tions may be found in the various Ordnance Pamphlets and 
Aircraft Erection and Maintenance Manuals. 

After the component parts are removed from their ship- 
ping and storage containers, they should be carefully in- 
spected for damage such as bent fins, burred or damaged 
threads on motors and heads, and dented motor tubes. De- 
pending on the size and type of rocket, various assembly 
jigs or kits are usually needed. Remove the tail shipping 
cap which protects the electrical connector in the rear of the 
motor. 

Caution: Leave the shorting clip or shorting plugs in- 
stalled. Be careful not to break nozzle closure disk or dam- 
age the electrical connector during subsequent operations. 

Push the fin assembly onto the rear end of the motor 
until it is properly positioned and secure it in place. See 
that the lug bands are the proper type for the launcher to 
be used, and are properly positioned and tightened. 

Unscrew the front shipping cap from the motor tube. Do 
noT remove the cardboard spacers or felt washers unless spe- 
cific OP instructions so state. Remove the thread or base 
fuze protector from the rocket head if installed. In assem- 
bling larger rockets the mating threads on head and motor 
should be-oiled or coated with grease, as large threads are 
likely to gall if not lubricated. Warning: If a high-explo- 
sive head is being used, make certain the base fuze is securely 
installed. The head will explode when the motor is fired if 
the round has been assembled without the base fuze. 
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Screw the head onto the motor, using a suitable wrench. In 
assembling most rockets, a strap wrench isemployed. Unless 
care is taken with the smaller motors, cross-threading may 
occur between head and motor; this usually results in separa- 
tion of the head and motor when fired. 

If the head used has a nose fuze cavity, remove the nose 
shipping plug, inspect the fuze cavity and threads, niake cer- 
tain the auxiliary booster is installed, if required, and install 
the fuze. Do nor remove the fuze safety wire or ready the 
fuze until the rocket is loaded on the launcher. 

Place the assembled rocket horizontally on the deck or on 
racks. Do not stand the rocket on its tail as this may damage 
the electrical connector. 

With the exception of the 11.75-inch Tiny Tim rocket, the 
launcher firing circuit must be checked for continuity prior 
to loading; and before plugging in the rocket pigtails, a “no- 
voltage” test must be made to be sure there is no stray voltage 
in the circuit which would fire the rocket as soon as plugged 
in. As already noted, the Tiny Tim is loaded on a bomb rack 
and fired by an attached magneto firer. In addition, if the 
rocket motor is suspected of being defective, a continuity test 
should be made on the igniter circuit. Three test devices are 
available for these tests: Crrcurr Test Prue Mone I for 
checking circuit continuity, Rocker Launcuer Firine Crr- 
cuir Tester, ASO No. R94—K-500225 for no-voltage tests, 
and Circurr Continuity Tester 680A for checking the con- 
tinuity of the igniter circuit within the rocket motor. 

Test Piuc Monet I is a compact plastic plug with a 26-volt 
light bulb and an electrical plug with a Type A single pin 
Adapter to match the launcher receptacle or launcher Type B 
Adapter (fig. 6-15). ConrInuITY TESTS SHOULD NEVER BE 
MADE WITH ROCKETS LOADED ON THE LAUNCHERS. 

To perform a continuity test proceed as follows: 

1. Inspect and verify that there are no rockets loaded on 
launchers. 

2. Insert one test plug into each rocket launcher receptacle. 

3. Close all necessary switches. 

4. Actuate the rocket firing switch. 


204 


5. Verify that the test plugs light in the proper sequence 
by checking the test lights with each setting of the station dis- 
tributor or rocket selector switch. 

Operation of the fuze arming controls should be checked at 
the same time the circuit continuity tests are made. 

After circuit continuity has been established, loading of 
the rockets on the launchers may begin when directed by the 
rocket safety officer in charge. Al] switches must be off and 
all launchers should be inspected to insure that all fittings 


POCKET LAUNCHER 
FIRING ciRcurT 
Tester 


\ 








Figure 6—15.—Circuit Test Plug Model | with Type A Adapter and Rocket Launcher 
Firing Circuit Tester ASO No. R94—K-500225 with Type B Adapter. 


are secure, no obstructions foul the lug slots or latch mecha- 
nisms, and that all moving parts are in working order. Load- 
ing may be done in the same areas designated for the loading 
of bombs or aircraft guns. Electrical plugs, however, must 
not be inserted until after the no-voltage test has been made. 
Aboard carriers, the plugs shall not be inserted until the 
plane is on the flight deck. At Naval Air Stations planes 
shall be pointed in the safest direction when inserting plugs. 
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The safest direction is that direction in which the least dam- 
age would be done to persons or property by the accidental 
firing of a rocket. 

In loading, the rocket (except the 11.75-inch Tiny, Tim) is 
lifted parallel to the launcher and the front lug button and 
rear lug loop fitted into the front slot and rear tongue of the 
launcher respectively. In the case of the 2.25-inch SCAR, 
which has two button lugs, the buttons are slid aft into the 

_ rail of the adapter which must be fitted to the service 
launcher. The Tiny Tim is hoisted onto its bomb rack or 
shackle in the same manner that a bomb is loaded. The 
latches of the service type launchers will close automatically 
as the rocket is loaded onto the launcher, holding the rocket 
firmly until the latch is released electrically when the rocket 
is fired. SCAR adapters require the installation of a shear 
wire to keep the latch closed until fired. Use only the pre- 
scribed shear wire. 

Insure that the round is firmly held by trying to push it 
forward and aft. Do Nor PLUG IN THE ELECTRICAL CON- 
nector. Let it hang loose, and do not remove the shorting 
clip. 

If the head is the high-explosive type with Nose Fuze Mk 
149 Mod 0, inspect the cap and clamp assembly on the fuze. 
If they are badly corroded, do not use them. To prevent 
corrosion and icing, cover the clamp assembly with a light 
coat of vaseline. 

Turn the clamp so the clamp pin and bushing are on the 
same side of the fuze as the arming wire. Insert the arming 
wire into the hole which is provided next to the safety wire 
and then remove the safety wire. Do nor reverse this order. 
Insert the arming plate on the end of the arming wire into 
the fuze arming control. 

Put one Fahnestock clip on the end of the arming wire and 
slip it down against the clamp bushing after removing slack 
from the wire. Cut off the excess wire, leave 3 or 4 inches 
extending beyond the fuze, and dress off all burrs. 

If the VT Nose Fuze Mk 172 is installed, install the arming 
wire in the vane locking pin after the seal wire is removed. 
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The locking pin may be positioned in one of four holes. Do 
nor use a Fahnestock clip on this fuze. 

Rocket pigtails should be plugged in just prior to takeoff. 
Before plugging in, the no-voltage check must be made, using 
either the Rocket Launcher Firing Circuit Tester (ASO 
Stock No. R94-K-500225) or a voltmeter with a 0-30 and 
0-1.5 volt scale modified to include a 5 watt, 14-ohm resistor 
across the 1.5 volt circuit of the meter. The standard circuit 
tester (R94-K-500225) incorporates this resistor as part of 
the unit. It has the two scales on its face, a 3-position switch 
on the top marked “Test”, “0-30”, and “0-1.5”, and a “Test” 
button on the side (fig. 6-15). The switch must be on the 
“Test” position before pushing the “Test” button. When 
testing the meter for proper operation, at least 28 volts must 
be indicated on the scale. 

The circuits shall be readied for testing by closing all 
necessary switches excerr the firing switch and setting the 
station selector or station distributor to each station to be 
tested in turn. Test the circuit tester for proper operation; 
then plug the 0-30 volt circuit into the station corresponding 
to the setting of the station selector or station distributor and: 

1. Energize and de-energize all other control circuits which 
pass through connector receptacles common to rocket circuits 
and observe needle of the instrument. 

a. If a steady state or surge voltage exceeding 1.5 volts 
is observed, follow procedure in Item 2 below. 

b. If a steady state or surge voltage, 1.5 volts or less, is 
observed, repeat test using 0-1.5 volt circuit of instrument. 

c. Ifa steady state or surge voltage is still observed with 
the 0-1.5 volt circuit of test instrument, follow procedure in 
Item 2 below. 

d. If no voltage is indicated with the 0-1.5 volt circuit, 
follow procedure in Item 3 below. 

2. ResTRICT AIRCRAFT FROM CARRYING ROCKETS UNTIL SUCH 
TIME AS THE CAUSE OF THE STRAY VOLTAGE IS DETERMINED AND . 
ELIMINATED, 

8. Check the 0-1.5 volt circuit of the test instrument by 
applying a known potential. 
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a. If the needle of the instrument now moves, the circuit 
is safe. Proceed testing next station. After all stations 
have been checked and found safe, follow instructions of next 
paragraph. 

b. If the needle does not move after applying known 
potential, a defective instrument is indicated. Repeat test 
with a different instrument. 

After testing each and every station and no stray or surge 
voltage is indicated, turn off all switches. The circuits are 
safe and plugging in may commence. The preferable proce- 
dure is to plug in the rounds on each wing consecutively from 
inboard out. Shorting clips should be saved for future use 
in case any round is not fired. When plugging in, the Avia- 
tion Ordnanceman should stand to one side of the round 
being connected and to one side of rounds already connected 
to avoid the rocket blast in case of accidental ignition. 

If a rocket motor is suspected of being defective, the 
Circurr Continutty Trsrer 680A provides a definite check 
of the igniter circuit. The 680A is an electric instrument 
based on the Wheatstone bridge circuit and consists of a 
meter, a switch, 2 external sockets, a battery, and 2 tests leads. 
It is used to test the resistance of the rocket’s igniter; if the 
resistance is either too high or too low, the motor must not 
be used. 

The meter has a double scale (fig. 6-16). The lower scale, 
marked “HVAR” is to be used only with the 5-inch HVAR 
rocket and the 11.75-inch aircraft rocket. The upper scale 
indicates the resistance of the circuit of all other motors. An 
adjusting screw is provided to zero the pointer before use. 

A two-pin socket and a single pin jack-plug type socket are 
located on the side of the instrument for insertion of rocket 
igniter plugs. 

The 2 test leads are for testing rockets that do not have elec- 
tric plugs leading from their igniters. Most ground and sur- 

. face rockets, as well as some newer aircraft rockets, fall into 
this category. The test leads are connected by a single pin 
plug at one end, each of the other ends having a prod. 

To check the battery prior to use, the plug for the test leads 
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must be removed from the socket and the switch turned to 
“BATT CHECK.” Note the reading on the dial. A good 
battery is indicated by a pointer deflection to the right of the 
line marked “BATTERY OK.” A low battery is indicated 
by a pointer deflection to the left of the “BATTERY OK” 
line. A weak battery must be replaced. 


TWO-PIN SOCKET 





Figure 6—16.—Circuit continuity tester 680A with test leads. 


The procedure for testing the internal electric circuits of 
rockets is as follows: Caution: Never test equipment that 
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contains batteries or other sources of electricity as it may 
damage the meter. 

1. Rockets with electric plugs. 

a. Check the battery. 

b. Turn the switch to the type of rocket being tested. 
For 5-inch HVAR rockets and 11.75-inch rockets, turn the 
switch to “ROCK CONT HVAR ONLY.” For other rock- 
ets, turn the switch to “ROCK CONT.” 

c. Remove the shorting clip from the pigtail plug. Plug 
the rocket into the appropriate socket on the instrument. 
Note the movement of the pointer. 

d. If the pointer rests within the space marked “OK” the 
rocket is satisfactory for use. Do not use if the pointer rests 
within the “LOW” or “HIGH” sections of the scale. 

e. Remove the rocket plug from the socket and turn the 
switch to the “OFF” position. Replace the shorting clip on 
the plug. 

2. Rockets with contact rings, shrouds, or contact disks. 

a. Test the battery. 

b. Connect the test leads plug into the single prong 
socket. 

c. Turn the switch to “ROCK CONT.” 

d. Remove the shorting clip or strip from rocket. Touch 
one prod to one shroud, contact ring, or contact disk. At the 
same time touch the other prod to the other shroud, contact 
ring, contact disk, or body of the rocket and note the move- 
ment of the pointer. 

e. If the pointer rests within the space marked “OK” 
the rocket is satisfactory for use. Do not use if the pointer 
rests within the “LOW” or “HIGH” sections of the scale. 

f. Remove the prods from the rocket and remove the 
leads from the instrument. Turn the switch to“OFF.” Re- 
place the shorting strip or clip on the rocket. 

Warning: Igniter circuits shall be checked only when the 
rocket is nonpropulsive, that is, before assembly ‘of heads 
and motors. All personnel shall keep clear of the ends of 
the motor in case of accidental ignition. 

All tests of rockets and launchers should be made in con- 


formance with current orders of the Bureau of Aeronautics 
and commands concerned with rocket firing. It should be 
noted that loading and testing procedures may differ from 
one unit to another and all local orders should be complied 
with in these operations. 


GENERAL SAFETY PRECAUTIONS 
Fuzes 


Rocket fuzes shipped in sealed containers, such as Mk 149 
nose fuzes, are to remain in the sealed cans during stowage. 
As a rule, nose fuzes are stowed in a ship’s bomb fuze mag- 
azine, or under conditions specified by the Bureau of Ord- 
nance. Cans should be placed upright in assigned magazines 
and secured firmly. 

Fuzes are relatively sensitive and must be handled with 
care to avoid extreme shocks which might cause damage. 
Operations such as fuzing, unfuzing, assembly, or disas- 
sembly of all types of munitions should be carried on at 
a distance from other explosives and from vital installations. 
Only the minimum number of persons and rounds required 
should be in the vicinity. The ideal situation would be 
to permit work on only one round at a time, on a deck or 
at some other location remote from all magazines, ready 
stowage, explosive supplies, or vital installations. 

Examination of the exterior of some fuzes, such as the 
Mk 164 Mod 0, does not indicate whether they are armed. 
If for any reason it is thought a fuze might be armed, it 
should be treated as an armed and sensitive fuze. No at- 
tempt should be made to remove it from the rocket head. 
The complete fuzed round should be disposed of by gently 
lowering it tail-first into deep water. If available, explosive- 
ordnance-disposal personnel will dispose of such rounds in 
accordance with their instructions. 

Disassembly of rocket fuzes is not permitted except as 
authorized by the Bureau of Ordnance. 

NEVER ATTEMPT TO REMOVE A BASE FUZE FROM TIE ROCKET HEAD. 
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Motors and Heads 


The aircraft rocket is no more dangerous than any other 
explosive weapon, but it does have certain peculiar hazards. 
A completely assembled rocket, if accidentally fired, will take 
off under its own power in the direction in which it is pointed, 
with threat of damage to anything in its path. When fired, 
an assembled rocket expels a blast of burning gas capable 
of injuring or killing anyone it strikes, because of concussion 
or burns. 

Four hazards exist in dealing with aircraft rockets: 

1. Inadvertent electrical contacts which may set off the 
rocket. : 

2. Excessive temperatures or pressures which may cause 
the motor to explode in a ground fire or in the air when fired. 

3. Continued exposure to abnormal storage temperatures 
which may cause the propellant to deteriorate, with attendant 
hazards of possible explosion when the rocket is fired. 

4. Rough handling or blows which may break the pro- 
pellant grain, thus exposing too much surface to burning and 
leading to possible excessive pressures in the motor when 
fired. 

Generally, a rocket motor without a head attached is un- 
likely to explode. It does present a potent fire hazard since 
ballistite or SPCG ignites easily and burns readily. High- 
explosive heads, either fuzed or unfuzed, present the same 
risk as do gun projectiles under the same conditions. Rock- 
ets, whether completely assembled or disassembled, must be 
handled with extreme care to avoid damage to parts. 

Rocket motors should be stored in the same manper as 
smokeless powder. Matches and open flames must never be 
allowed in the storage area. Smoking should not be per- 
mitted in the loading area within 200 feet of any ammunition. 

Rockets must be kept in a cool place out of the direct rays 
of the sun, to prevent an increase in temperature. A rocket 
must never be fired when its temperature is either greater or 
less than the safe firing range of temperature indicated on 
the motor tube.- A rocket temperature may be considered to 
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have returned to the safe firing range after the rocket has 
been exposed for six or more hours to a temperature within 
the safe firing range. 

Rocket motors must not be stowed in the same compart- 
ments with or near radio apparatus or antenna leads, due to 
the possibility of induced currents igniting the motors. 

High-explosive heads and fuzes (except base fuzes which 
are permanently installed in the head) must be stowed sep- 
arately from each other, in the same manner as high-ex- 
plosive projectiles. 

Never attempt to remove the propellant grain from a 
rocket motor. Do not pull on the pigtail or otherwise sub- 
ject it to strain. 

Except when unavoidable due to battle conditions, motors 
must not be exposed to small-arms fire or high-velocity bomb 
or projectile fragments. 


Loading Precautions 


Prior to any loading operations, usually as the first step 
in readying planes for rocket firing, the continuity test of 
rocket-firing circuits of all aircraft should be made. Before 
each loading, the launchers or pylons shall be inspected to 
determine that they are free of damage or malfunctions. 
Testing the rocket-firing circuit with the launchers loaded, 
or while they are being loaded, is prohibited. 

Just prior to loading, all armament switches must be 
checked to determine that they are in the orr position. 

If a shear wire is to be used, as in the case of SCAR 
adapters, only the shear wire specified for use with the par- 
ticular rocket shall be used. In case of a relaunch with 
rockets from a previous flight, or an arrested landing, new 
shear wires must be used. 

Planes should not be fueled while rockets are present or 
on the launchers. 

Long trousers and long-sleeved shirts buttoned snugly 
about the wrists should be worn by personnel handling 
rockets, for partial protection against burns in case of acci- 
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dental ignition. Loading crews should remain out of the 
fore and aft line of the rockets as much as possible. 

Except in an emergency, all loading should be completed 
before the plane engines are started. Loading a plane with 
the engine turning up is difficult and dangerous. 

Arming planes on the hangar deck is not recommended. 
Loading of the planes on the hangar deck is permitted at 
the discretion of the commanding officer when necessitated 
by operational requirements. 

Just before the electrical connectors (pigtails) are plugged 
in, a no-voltage test must be made to determine that the 
rocket-firing circuit has not accumulated any induced elec- 
tricity. Shorting clips on the pigtails must not be removed 
until the pigtails are being plugged in. 

Rocket igniter circuits must be checked (using Circuit 
Sontinuity Tester 680A) only in a Bureau of Ordnance 
approved rocket assembly building which includes a suitable 
barricaded or isolated cell. A minimum number of per- 
sonnel shall be present when rocket circuits are being tested. 
The 680A tesier shall not be issued aboard ship without 
specific authority from the Bureau of Ordnance. 

Parking of armed planes on the flight deck for extended . 
periods of time is not permitted except for planes which are 
to be used the same day or which are for ready use. Pigtails 
‘are to be left disconnected with shorting clips in place. 

Stowage of assembled rockets other than in the ready serv- 
ice compartment is prohibited. Do not stand the assembled 
rocket on its tail, since this may damage the pigtail. 

When planes land after operation they shall be inspected 
for rocket misfires. If misfires are present the removal of 
such round or rounds shall be supervised by the rocket safety 
officer. 

Unfired rockets, aboard ship, should be removed from the 
launchers, disassembled, and stowed in the proper magazines, 
except for rockets on planes which are to be used the same 
day or on ready planes. Armed planes on the flight deck 
create a hazard and a serious danger in the event of fire or 
strafing. 
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JATO 


A JATO unit is a rocket motor designed to give an air- 
craft more power on takeoffs from rough seas, short fields, 
when heavily loaded, or any combination of these conditions. 
Two or more of these units are secured to the outer skin of 
an aircraft structure and fired electrically by the pilot at the 
proper instant to give maximum takeoff assistance. Each 
unit produces the equivalent of 300-400 horsepower. 

Earlier types of JATO produced a great quantity of 
smoke when ignited. In addition, they had to be stored and 
fired within a definite range of temperatures, as is the case 
with rocket motors. The latter condition hampered the 
widespread use of JATO, as did the amount of smoke pro- 
duced which often blanketed runways after use. Aircraft 
waiting for takeoff could not see the runway until the smoke 
dissipated. On calm days, this entailed a longer wait than 
desirable. 

The newest type JATO is entirely smokeless, produces 
slightly more thrust, and is lighter in weight than earlier 
types. In addition, it can be fired at any temperature found 
anywhere in the world. 

One of the most significant applications of JATO is to 
help seaplanes get off rough water faster. This permits 
rescues to be made in heavy seas which formerly would have 
prevented takeoffs. 

Ignrrer caviry—The igniter cavity provides for the in- 
stallation of a device to ignite the propellant charge. It is 
located on the nozzle end of the case. 

Ianrrer.—The igniter consists of a nichrome wire im- 
bedded in a small charge of black powder. The lower end 
of the igniter is plastic and contains the main charge of black 
pewder. When the JATO unit is fired, the nichrome wire 
becomes hot and ignites the black powder. The black pow- 
der primer in turn ignites the main charge. The burning 
of the black powder bursts the plastic container and allows 
the burning igniter mixture to spread over the face of the 
main propellant. This ignites the main charge at about 


725° F. This cycle takes place normally in 1 to 2 seconds 
after closing the firing switch. 

Eight igniters are shipped in a metal box, separately from 
the JATO units. 

Sarery pisk.—Located on the nozzle end of the unit, near 
the igniter cavity, the safety disk is designed to rupture if 
the internal pressure exceeds 3,200 pounds per square inch 
(normal pressure during operation is 1,800 p.s.i.). In this 
event, thrust is completely lost as all pressure is relieved, and 
the unit may or may not stop burning. If burning contin- 
ues, it is harmless, but the unit may continue to burn from 
10 to 15 minutes. 

The older JATO unit is designated as JATO Mk 2 Mod 3 
(14 AS 1000). The significance of the suffix is as follows: 

1. 14—the unit’s burning time in seconds. 

2. A—Asphalt with perchlorate. 

8. S—indicates solid filler. 

4, 1000—pounds of thrust per second of burning. 

The newer unit is designated 15 KS 1000, using the same 
system of symbols. 

JATO comes under the cognizance of the Bureau of Aero- 
nautics and full instructions in its handling and use may be 
found in various BuAer and NavOrd publications. 

The nomenclature of a JATO unit is as follows (refer to 
fig. 6-17) : 

Casr.—The case is steel, cylindrical in shape, and closed at. 
one end. 

Nozzix.—The nozzle is similar in shape and identical in 
purpose to the nozzle of a rocket motor, being a venturi tube 
designed to give maximum thrust against the closed end. 

Sranp assemBLy.—Since 14 AS 1000 JATO units must 
always be stored nozzle end up, a stand assembly is welded 
to the closed end of the case. The stand is also used for hand 
grips during handling. 

PROPELLANT CHARGE.—The propellant used in JATO Mk 2 
Mod 3 (14 AS 1000) is a solid composed of 75 percent po- 
tassium perchlorate and 25 percent asphalt and oil, which 
fills about seven-eighths of the volume of the case. Fire re- 
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Figure 6—-17.—14 AS 1000 JATO unit. 


sistant tape completely surrounds the propellant charge and 
is used to control its burning, as inhibitor strips are used 
in rocket motors. Smokeless powder is used as the propellant 
in the newer JATO 15 KS 1000, which does not produce smoke 
or deposits as a result of combustion. 

JATO Mk 2 Mod 3 (14 AS 1000) weighs about 200 pounds 
when completely assembled. 

JATO 15 KS 1000 weighs 143 pounds and delivers its rated 
1,000-pound thrust for 15 seconds instead of for 14 as the 
older unit does. 


Loading 


JATO units have three mounting lugs welded to the case 
for securing them to the aircraft. Two lugs are mounted side 
by side toward the nozzle or after end, with a single lug lo- 
cated forward. The mounting device on the airplane includes 
a latch which locks on the forward lug when the unit is 
loaded and which can be released from within the aircraft to 
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jettison the unit after it has been fired. The two aft fittings 
serve to hold the unit firmly in place and are designed to 
absorb the full thrust load. 

In all installations, contact between the “hot” side of the 
aircraft electrical system and the igniter is obtained by means 
of a single positive lead, connected to the igniter, which is 
“plugged in” to a ball terminal located on the airplane when 
ready for firing. After the units are loaded on the aircraft 
and BEFore plugging in, the firing circuits must be checked 
for continuity and stray voltage, in much the same manner 
that rocket circuits are tested. However only one test device 
is required. 

A three-man loading crew is required, one of whom must 
have a Firing Circuit Tester (fig. 6-18). Two models are 
available, NAF 49327-1 and a new model whose part number 
is NAF 49390-1. The newer type will also indicate, by a 
partial reading during the full voltage test, a “near break” or 
“weak link” in the circuit, but operation of both types is 
identical, as described below. 

After the JATO units are brought to the aircraft, the load- 
ing crew secures them to the aircraft. "Each unit is attached 
to its three suspension lugs and then shaken to make sure it is 
locked in place. Igniters should not yet be installed but if 
they are, po nor connect the leads. 

Check the test meter by placing the toggle switch on the top 
of the meter in the neutral or test position and press the 
“TEST” button on the side. The meter is provided with a 
small 1.5-volt battery for this purpose, and if the meter 
indicates voltage (according to the condition of the dry cell), 
it is safe to proceed with the aircraft circuit check. 

Either the pilot or a crewman should turn on the battery 
switch AFTER MAKING CERTAIN NO IGNITERS ARE CONNECTED and - 
then throw on all JATO switches. The JATO firing switches 
are held down while the man with the circuit tester checks 
each unit terminal. To do this, the red terminal of the tester 
(fig. 6-18) is connected to the positive (+) ball terminal on 
the airplane and the clamp, or negative (—) terminal, is 
connected to the JATO unit. Br cerTarn NO UNIT IGNITER 
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LEAD (IF ALREADY INSTALLED) I8 CONNECTED BEFORE MAKING 
ruis test. If the test is made before the JATO units are 
loaded on the plane, the clamp should be connected to the skin 
of the aircraft. Next, throw the toggle switch on the top of 
the tester toward the side marked “30-volt scale.” The meter 
should read 24 to 28 volts if the circuit is in proper order. 


pgtzesty GOOTe 


that gives a voltage reading during this test; as little as one 
volt will cause operation of the igniter in 10 to 15 seconds. 
Cell action set up by salt spray on unclean terminals will 
occasionally generate enough voltage to indicate on the meter. 
Should this occur all terminals and cable joints in the circuit 
should be cleaned as well as checked for a short circuit in the 
JATO wiring to a live circuit. Recheck the circuit to be 
sure the trouble is remedied before use. 

After all circuits have been tested and a check made to 
insure that all switches are off, igniters may be installed. The 
metal nozzle caps used in shipping and storage should be re- 
moved and the igniter leads connected to the ball terminal 
on the airplane. It is advisable to twist the connector back 
and forth on the ball terminal a few times to insure a good 
connection. Do nor stand behind a unit when connecting the 
igniter lead. The unit is now ready to be fired when the pilot 
wishes. 


Stowage and Handling 


‘ . 

JATO shall be stowed separately from all other types of 
ammunition and explosives. When ashore, JATO shall be 
stowed as bomb type ammunition in approved, barricaded, 
earth covered, high explosives magazines. 

14. AS 1000 JATO units must be stowed, handled, and trans- 
ported with the nozzle end up. This is especially important 
at higher temperatures as the propellant has a tendency to 
soften and flow. If the propellant flows, the burning area 
is increased, resulting in excessive pressure when ignited. 

Stowage temperatures must be within the range stenciled 
on the case. 

JATO igniters shall be stowed separate from the units and 
preferably by themselves in a fuze or detonator locker or 
magazine. The igniter stowage shall not be within five feet 
of radio apparatus or antenna leads. 

JATO units shall be inspected prior to use and any of the 
discrepancies listed below is sufficient to consider the unit 
unserviceable : 
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1. Nozzle. 
a. Exit cone (venturi) bent or deformed: 
b. Obstructions present. 
2. Safety disk or diaphragm—not intact. 
3. Case. 
a. Excessive rusting or corrosion. 
b. Evidence of damage due to rough handling. 
c. Suspension lugs damaged. 
d. Broken welds. 
e. Thrust pins loose in suspension lugs. 
4. Igniter. 
a. Rusted electrical connectors. 
b. Broken plastic powder container. 
c. Moisture inside igniter body. 
d. Steel collar (which secures plastic container to rest of 
igniter) loose. 


Safety Precautions 


JATO units must not be dropped, tumbled, rolled, or 
dragged. Units that have been subjected to any of the fol- 
lowing conditions must be clearly marked “oNnsaFH FoR USE” 
and disposed of in accordance with current instructions: 

1. Held in a horizontal position for more than 75 hours. 
This time is cumulative. 

2. Exposed for more than one hour to temperatures out- 
side the range specified on the case. 

3. Subjected to rough handling. 

4, Dropped nozzle end down from any height. 

5. Fallen or knocked over from the vertical position. 

6. Dropped from a height in excess of 12 inches in any 
attitude other than that given in (4) and (5) above. 

Under any of these conditions, the unit is perfectly safe to 
handle but would be dangerous if fired. 

JATO should not be subjected to gunfire or intense heat. 

Storage life of units is determined by the Bureau of 
Ordnance. The same agency issues instructions for the dis- 
position of overage units. 
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Never install the igniter in a JATO unit unless the unit is 
immediately ready for firing or in the firing position. Never 
connect an igniter lead before checking to make sure all 
JATO switches are orr and performing a no-voltage test. 

In case of a safety disk blow, JATO units will burn and 
smoke for approximately 10 minutes time. No attempt 
should be made to extinguish this flame as it is impossible 
and no detrimental result will follow if the unit is allowed 
to burn itself out. 

Upon removing the igniter shipping plug, an inspection 
should be made to determine that no foreign matter or 
moisture is in the combustion chamber, and that propellant 
is not cracked or damaged. 

Before firing units, make sure the nozzle caps have been 
removed, 


QUIZ 


1. The caliber of a rocket is determined by the diameter of the 


2. What explosive is used in most rocket motor igniters? 


8. Rocket fuzes are assigned numbers in the ~_-----_-- series. 

4. TRUE or FALSE: Base fuzes should be removed for inspection pe- 
riodically. 

5. The standard impact-firing rocket nose fuze is the _.--------. 

6. Base fuzes are armed by a combination of ~--.-----. ~.--------. . 
Se etectan, and 2-62 2-25; 


8. The 5-inch GP aircraft rockets that utilize the 3.25-inch motor 
have a velocity of ------ ip.s. 

9. The 5-inch HVAR’s use (1) ~--------- for a propellant and have 
a velocity of (2) ------ f.p.s. 

10, Antitank HVAR heads are filled with (1) ---------- explosive 
and use the (2) “ ------.._ Effect” to penetrate heavy armor 
with a stream of gas and molten metal. 

11. The 11.75-inch Tiny Tim is ignited by means of a ~-. 
device. 





_- firing 
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16. 
17. 


. The 2.75-inch FFAR Mighty Mouse is primarily an air-to---. 





rocket. 

. High-explosive rocket heads are painted (1) ~-------__ with 
markings in (2) a 

. Before loading rockets, a (1) ---------- test must be made on 


the aircraft rocket firing circuits. Before plugging in the 
pigtails, a (2) ~--------_ test must be made. 


5. How many Fahnestock clips are used on the arming wire of a 


Mk 172 VT fuze? 
In what position must JATO units be stowed? 


What two tests must be made before connecting a JATO igniter 
lead to the aircraft JATO firing circuit? 
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CHAPTER 





PYROTECHNICS AND SMOKE SCREEN EQUIPMENT 
PYROTECHNICS 


Pyrotechnics can be described as “fireworks adapted to 
military use.” Pyrotechny is literally “the art of fire”; hence 
pyrotechnics are those items which produce their effect by 
burning, and are consumed in the process. 

Aireraft pyrotechnics consist of mixtures of combustible 
elements and oxidizing agents in containers designed for 
carrying in aircraft. When the containers are discharged 
or released, the contents are ignited. The resulting smoke, 
flame, or flash serves a SIGNALING, MARKING, Or ILLUMINATING 
purpose. Dye or slick markers, though not in conformance 
with the above definitions, are classed as pyrotechnic muni- 
tions. 

These important types of airborne munitions are used in 
a large variety of combat and rescue operations. Successful 
combat operations by aircraft squadrons and by individual 
aircraft depend heavily upon the reliability and proper func- 
tioning of pyrotechnics used for recognition and identifica- 
tion. Target identification and illumination are essential to 
successful reconnaissance, photography, and attack. 

The discovery and recognition of downed airmen, or other 
personnel in distress, depend largely upon pyrotechnic sig- 
nals or dye markers. Drift signals aid in determining the 
course and drift of aircraft, and may be indispensable when 
communications are disrupted. Drift signals and float lights 
are very useful markers, wind indicators, and reference 
points. 
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The earliest pyrotechnic compositions consisted of varying 
mixtures of the constituents of black powder: charcoal, sul- 
phur, and saltpeter. Other materials were added to produce 
special effects, such as iron filings and coarse charcoal. Many 
other materials were added or substituted as the art and uses 
of pyrotechnics progressed. 

STANDARD PYROTECH NIC COMPOSITIONS consist, in general, of 
mixtures of the following substances: 

1. Compounds to provide oxygen (oxidizers) for burning. 

2. Fuels. 

3. Binding and waterproofing agents. 

4. Color intensifiers. 

In some cases, a single materia] may serve for more than 
one of the functions listed above. 

A FRICTION IGNITER consists of a primer cup containing a 
mixture of potassium chlorate, charcoal, and a dextrin binder. 
A loop of wire coated with red phosphorus in shellac extends 
through this cup. When the wire is pulled through the cup, 
the priming mixture is ignited. 

QuickmartcH is a term applied to strands of cotton soaked 
in a mixture of black powder and gum arabic and coated 
over with mealed black powder. It transmits flame to ignit- 
ing, priming, or pyrotechnic charges. 

The PRIMING CHARGE is a dried paste of black powder in 
close contact with the first-fire composition. 

The FIRST-FIRE COMPOSITION is generally a mixture of illu- 
minant charge and black powder. However, for certain items 
it may be a special, easily ignited composition with high- 
burning temperature. 

Pyrotechnic items usually function by means of an ignition 
train corresponding to the explosive train in high-explosive 
munitions. The ignition train may be composed of a primer, 
a delay element, and a composition or series of compositions 
which intensify the heat in order to assure proper combustion 
of the pyrotechnic candle. 

All aircraft pyrotechnics are issued as complete rounds, 
except for certain flares and photoflash bombs which must be 
fuzed at the time they are loaded on the aircraft, and not 
before. 
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The effectiveness of most pyrotechnic munitions, depends 
upon the visibility resulting from the flame, flash, or smoke. 
Visibility, in turn, is affected by the design of the pyrotechnic, 
by the position of the effect relative to the observer, and by 
the prevailing atmospheric conditions. Almost any desired 
characteristic—such as candlepower, color of light or smoke, 
and burning time—may be obtained by variations in 
components, 

The actual visibility of a given pyrotechnic also is affected 
by such factors as the color and reflective qualities of the 
background, the distance from the observer, the relative posi- 
tion, the angle of observation, and the degree of natural 
illumination. 


ILLUMINATING PYROTECHNICS 
Aircraft Parachute Flares 


All Navy-type aircraft parachute flares consist of a chip- 
board casing with its ends closed by disks, within which are 
packed the following items: a parachute and shroud lines; an 
illuminant; a friction igniter, and/or fuze for igniting the 
illuminant; and the required accessories, including a support 
band to be attached when the flare is to be suspended from a 
bomb rack. 

All Navy-type aircraft flares have a ripcord, or firing 
lanyard, one end of which is attached to the aircraft, the other 
serving to initiate the parachute action or fuze action as the 
flare drops away from the plane. In most service flares, some 
type of delay fuze is utilized to predetermine the distance be- 
low the aircraft at which burning is to be initiated. 

According to their manner of functioning, flares are 
grouped into two general classes, as described below. 

Flares of the first type are designed for immediate para- 
chute opening and illuminant ignition as soon as they are 
clear of the launching aircraft. After falling a distance of 
3 to 5 feet, the casing is opened by the ripcord, the parachute 
is opened, and the illuminant ignited by means of a friction 
igniter actuated by the parachute shroud lines. Some flares 
of this type have the ignition of the illuminant delayed for 


226 


a period of 90 to 180 seconds after the opening of the para- 
chute. 

Flares of the second class are designed to fall a predeter- 
mined distance below the launching aircraft before function- 
ing. This is accomplished by means of a variable time delay 
fuze on one end of the flare; the fuze is actuated by a ripcord 
upon release and after a verticaL fall corresponding to the 
fuze setting, the fuze functions, opening the parachute and 
igniting the illuminant. The delay in functioning can gen- 
erally be varied from 300 feet to 12,000 feet vertical distance 
below the launching aircraft. 


Aircraft Parachute Flare Mk 4 and Mods 


This flare is used primarily for illuminating a large area 
sufficiently to permit the landing of aircraft. It may also 
be used to illuminate an area for reconnaissance and bombing. 
However, Aircraft Parachute Flares Mk 5, Mk 6, and Mk 10, 
having much greater candlepower than Aircraft Parachute 

_Flare Mk 4, are more satisfactory for reconnaissance and 
bombing. Aircraft Parachute Flare Mk 4 and Mods has also 
been used by low flying aircraft to blind the enemy’s anti- 
aircraft defenses. This is effective only against visually 
aimed antiaircraft guns, of course. 

The complete flare, as issued ready for release, weighs 
approximately 18 pounds. The shellac-impregnated chip- 
board case has a diameter of 434 inches and a length of 2734 
inches. Two metal steadying bands are fastened to the case, 
against which rest the sway braces of the bomb rack. 

The Mk 4 and Mods is an immediate-functioning type flare. 
Full ignition and suspension occur about 30 to 50 feet below 
the launching plane and the flare burns approximately 3 
minutes with a light intensity of about 300,000 candlepower. 

Operation (refer to fig. 7-1).—When the flare is released 
from the aircraft, the arming plate on the end of the ripcord 
is retained by the arming hook of the rack or shackle, or by 
the bomb arming control. The ripcord (fastened to the arm- 
ing plate) tears along the side of the case until it reaches 
the end of the flare casing. As the flare continues to fall, 
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Figure 7—1.—Aircraft Parachute Flare Mk 4 and Mods. 
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the ripcord, which is wound around a wooden spool inside 
the end of the case, unwinds from the spool, thus carrying 
away the end of the case. When the end of the flare case 
is torn away, the ripcord pulls the wooden spool and the 
parachute tube (with parachute inside) out of the flare case. 
The spool falls away. The tension on the ripcord retains 
the parachute tube; as the flare case containing the illuminant 
candle falls away, the parachute is pulled out of the lower 
end of the parachute tube by the suspension cable and the 
parachute shroud lines. 

- When the parachute and parachute shrouds are fully ex- 
tended, the release key cord becomes taut and pulls one end 
of the release key down and away from the chipboard cover 
of the parachute tube. This allows the ripcord to slip 
through the key and become detached from the parachute 
tube. , 

An ignition wire is attached to the suspension cable in 
such a manner that it is pulled before the suspension cable 
is fully extended. The ignition wire pulls four friction wires 
through primer cups of match compound. This ignites a 
double quickmatch which burns down the outside of the 
illuminant case and ignites the priming charge, then the 
first-fire composition, which, in turn, ignites the illuminant 
composition. 

The parachute opens and suspends the flare, and the para- 
chute tube falls free. 

The proper altitude for the release of this type of flare 
depends upon the purpose for which it is to be used. For 
purposes of observation or reconnaissance the flare should 

‘be released at altitudes of between 1,500 to 5,000 feet, de- 
pending upon the area to be observed. This flare should 
never be released over friendly territory at altitudes of less 
than 1,500 feet, except in cases of extreme emergency. The 
flare falls approximately 450 feet per minute, and since it 
burns about 3 minutes, would likely reach the ground before 
burning is completed. 

Caution: This flare should not be launched from bomb 
bays. Because of its quick opening, the parachute may foul 
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the aircraft structure. Aircraft Parachute Flare Mk 4 Mod 
1 is restricted to TRAINING USE ONLY. 

The Aircraft Parachute Flare Mk 4 and Mods is shipped 
in a moisture-proof metal container, six containers in one 
wooden packing box. The flares should be stowed in the 
original containers in a location where the temperature does 
not exceed 100° Fahrenheit. If this temperature is not 
exceeded, satisfactory performance can be expected for 6 to 
10 years after the date of manufacture. S 


Aircraft Parachute Flare Mk 5 and Mods 


The Mk 5 and Mods is used to illuminate a large area suf- 
ficiently to permit reconnaissance, bombing, or the landing 
of aircraft. It also has a blinding effect on antiaircraft 
gun crews. 

Aircraft Parachute Flares Mk 5 Mods 0, 1, and 2 are 
restricted to training use only. Mods 3 and later are for, 
service use, subject to subsequent BuOrd restrictions. 

The complete flare, as issued ready for release, weighs 
approximately 18 pounds. The shellac-impregnated chip- 
board case has a diameter of 434 inches and a length of 27 
inches. Two metal steadying bands are fastened to the case, 
against which rest the sway braces of the bomb rack. 

The Mk 5 and Mods uses a variable time delay fuze to 
provide a delayed functioning time (fig. 7-2). The setting 
is made by turning the lock screw on the metal firing mecha- 
nism to the desired delay. The delay is shown on the fuze 
setting ring, and indicates the vertical distance the flare 
will drop before igniting. This distance (or delay) can be ° 
varied from 300 feet to 12,000 feet. Thus if the launching 
aircraft is to fly at 9,000 feet altitude and flare ignition is 
desired at 2,000 feet altitude, the fuze should be set at “7M” 
(7.000). The flare will then fall 7,000 feet before igniting. 

Caution: The fuzes of Aircraft Parachute Flares Mk 5 
Mods 8 and 9 have a safety screw which musr be removed 
after the flare is installed on the bomb rack or shackle. The 
flare will not function if this safety screw is not removed. 

The flare burns about 3 minutes at a light intensity of 
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600,000 candlepower, and falls approximately 1,500 to 1,800 
feet while burning. A yellow light is produced by the Mk 5 
Mod 8 and later flares. 

The fuze end of the case is closed by a metal cover. The 
parachute end of the case is closed by several layers of 
chipboard held in place by gummed cloth and sealed with 
paraffin. The flare, as issued, is water-repellant but should 
be kept in its moisture-proof container when not installed 
ina plane. Markings on the case show where to attach the 
support bands when the flare is to be released from a bomb 
rack or shackle. The support bands are shipped in the 
packing box with the flares. 
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Figure 7—2.—Fuze for Aircraft Parachute Flares Mk 5 and Mods, Mk 6 and Mods, 
and Mk 10 Mod 0. 
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Oprration (refer to fig. 7-3).—When the flare is released 
from the aircraft, the arming plate on the end of the firing 
lanyard is retained by the rack, shackle, or arming control. 
The firing lanyard tears along the side of the case, flips off 
the fuze end cover, and pulls the snap cord attached to the 
firing lever (fig. 7-2). 

The fuze mechanism of the Mk 5 Mods 0 to 7 functions 
as follows: 

The weight of the flare pulls the firing lever away from 
the primer until the snap cord becomes taut, at which time 
the snap cord breaks. The firing lever spring then drives 
the firing lever back against the fulminate of mercury primer. 
The flame from the primer ignites the black powder pellets 
in the fuze plunger, and the expanding gases from the black 
powder force the sharp point of the plunger outward into 
the safety fuse. Three small holes near the point of the 
plunger allow some of the flame to escape from the inside 
of the plunger into the powder of the safety fuse, which 
commences to burn at the rate of 12 inches per minute. It 
can be seen that the point at which the fuse commences to 
burn is determined by the drop desired before flare ignition, 
and is regulated by the position of the fuze lock screw on 
the fuze mechanism; as the lock screw is turned to the alti- 
tude desired, the plunger beneath it is rotated accordingly. 

The fuze mechanism of the Mk 5 Mods 8 and later is simi- 
lar except that the cord pulls away from the firing lever in- 
stead of breaking, thus requiring much less pull to fire the 
primer. A pull of only 8 pounds is required to operate the 
firing lever instead of a pull of approximately 38 pounds re- 
quired in the earlier models (Mods 0 through 7). Because of 
the amount of pull required to operate the earlier types, they 
are not suitable for launching from a bomb bay. Air cur- 
rents entering the open bomb bay tend to reduce the stress on 
the snap cord, with the result that the cord does not break 
and the flare remains suspended from the firing lanyard. 
The Mk 5 Mods 8 and later flares can be safely launched from 
bomb bays. 

After the safety fuse burns its predetermined length, it 
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Figure 7~3,—Aircraft Parachute Flare Mk 5 and Mods. 
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ignites the quickmatch under the fuze block. This in turn 
ignites the quickmatch and firecracker fuse stapled to the ig- 
nition (or first-fire) composition. 

When the ignition composition begins to burn, the gases 
generated force the parachute and illuminant out of the flare 
case. The parachute opens and the parachute shroud termi- 
nal on the end of the shroud lines slides up the retention cable 
until it is stopped by the cable stop. A short length of cable 
beyond the cable stop suspends the flare case well away from 
the burning flare and keeps the case from dropping as a 
missile hazard (Mk 5 Mods 0 to7). The flare case of Mods 8 
and later is not retained but drops free. 

The Aircraft Parachute Flare Mk 5 and Mods is shipped 
in a moisture-proof metal container, six containers in one 
wooden packing box. If stowed in temperatures less than 
100° Fahrenheit, satisfactory performance can be expected 
for 6 to 10 years after the date of manufacture. 


Aircraft Parachute Flare Mk 6 and Mods 


The Mk 6 and Mods is a high-intensity flare designed to il- 
luminate an area for bombing and reconnaissance. Mk 6 
Mods 8 and later are for service use; earlier Mods are un- 
serviceable. The flare can be launched from a bomb rack or 
shackle, a flare container, or by hand. 

The complete flare, as issued ready for release, weighs ap- 
proximately 30 pounds. The shellac-impregnated chip- 
board case, which contains a time fuze, a parachute, a small 
auxiliary parachute, and the illuminant candle, is 53g inches 
in diameter and 353, inches long. 

The time fuze is the same as that used in the Aircraft Para- 
chute Flare Mk 5 and Mods (fig. 7-2), and fuze setting and 
functioning procedures are identical. The Mk 6 Mods 3 
and 4 have the older type fuze which requires about 38 pounds 
of pull to break the snap cord. Mods 5 and later have fuzes 
which require only about 8 pounds of pull to function, since 
the snap cord pulls away from the firing lever instead of 
breaking. The Mods 5 and later also have a safety screw in 
the fuze body which must be removed after the flare is in- 
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The parachute is connected to the illuminant candle by a 
steel suspension cable (fig. 7-4). The flare burns approx- 
imately 3 minutes and produces a pale yellow light of 
1,000,000 candlepower intensity. It falls about 1,500 feet 
while burning. 

Oprration (refer to fig. 7-4).—When the flare is released, 
the arming plate on the end of the firing lanyard is retained 
by the bomb rack, shackle, or arming control. The firing 
lanyard tears along the side of the case, flips off the metal 
fuze end cover, and pulls the snap cord attached to the firing 
lever. 

Functioning of the fuze has been described previously ; it 
ignites the first-fire composition at the bottom of the illumi- 
nant candle. 

When this composition begins to burn, the gases generated 
force the auxiliary parachute, the main parachute in its case, 
and the illuminant out of the flare case, which falls clear. 
The auxiliary parachute opens and retards the main para- 
chute in its case, allowing the illuminant to pull the shroud 
cords and parachute out of the parachute case for full sus- 
pension of the flare. 

Aircraft Parachute Flares Mk 6 and Mods are packed 
separately in moisture-proof metal containers, four con- 
tainers in one wooden packing box. The flares should be 
stowed in their original containers in a location where the 
temperature will not exceed 100° Fahrenheit. If this tem- 
perature is not exceeded, satisfactory performance can be 
expected for 6 to 10 years after the date of manufacture. 


Aircraft Parachute Flare AN-Mk 8 Mods 1 and 2 


This flare was developed specifically for night antisub- 
marine warfare. The AN-Mk 8 Mods 1 and 2 is an immedi- 
ate opening, delayed-ignition type designed to allow a patrol 
plane to drop the flare near a target and then get into posi- 
tion to attack before the illuminant candle ignites. The AN- 
Mk 8 Mod 1 incorporates a 90-second delay while the AN- 
Mk 8 Mod 2 incorporates a 120-second delay. The flare can 
be launched from bomb racks or externally mounted shackles, 
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Figure 7—5.—Aircraft Parachute Flare AN-Mk 8 and Mods. 
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flare tubes, or by hand. It cannot be launched from bomb 
bays as the quick-opening parachute may foul on the air- 
craft structure. 

The complete flare, as issued ready for release, weighs 
approximately 18 pounds. The shellac-impregnated chip- 
board case has a diameter of 434 inches and a length of 2514 
inches. 

The AN-Mk 8 Mods 1 and 2 burn approximately 3 min- 
utes, producing a pale yellow light with an intensity of 
about 500,000 candlepower. The minimum altitude from 
which these flares may be dropped and obtain full burning 
time is 2,500 feet. Mods 1 and 2 can be launched at air speeds . 
up to 220 knots without danger of damage to the parachute. 

Operation (refer to fig. 7-5).—The suspension of the flare 
from its parachute is accomplished in the same manner as 
that already described for the Mk 4 and Mods, except that 
part of the opening shock is taken up by the snubber device 
at the lower end of the suspension cable. 

As the suspension cable becomes taut, it pulls upward on 
the pull type igniter which is located in a tube in the center 
of the illuminant candle. This causes the igniter to func- 
tion, which ignites the safety fuse. The safety‘fuse burns 
either 90 or 120 seconds (depending upon Mod) and then 
ignites the quickmatch and first-fire composition success- 
sively, which in turn ignites the illuminant composition. 

Aircraft Parachute Flare Mk 8 and Mods is shipped in a 
moisture-proof metal container, six containers in one wooden 
box. Storage requirements are the same as for flares already 
described. 


PYROTECHNIC BOMBS 
Photoflash Bomb AN-M46 


This bomb produces a light of high intensity and short 
duration for night photography. Bomb Nose Fuze (Me- 
chanical Time) AN-M146 permits its use for high altitude 
photography. The bomb produces a flash of 0.20-second 
duration with an average intensity of 500 million (500,- 
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000,000) candlepower and a peak intensity of 800 million 
(800,000,000) candlepower. 

The bomb, ready for release and including a 25-pound 
charge of flash powder, weighs 52 pounds. It has a diameter 
_ of 8 inches and a length of 485% inches. The body, or case, 
is thin gage steel and a threaded steel adapter in the nose 
section accommodates the fuze. The adapter contains, at its 
base, a metal cup filled with 145 grains of black powder, 
which serves as a booster charge to ignite the flash powder. 
The fuze adapter is closed with a shipping plug during 
shipment and stowage. 

The AN-M46 resembles a conventional bomb (fig. 7-6). It 
is unfuzed as issued, but fins and suspension bands are at- 
tached. A full-size trail or drag plate covers the entire 
area of the rear of the fin assembly. and for many types of 
photographic work this drag plate produces too much trail 
in the bomb when dropped. Modifications of the drag plate 
are authorized but must be done in accordance with instruc- 
tions in Ordnance Pamphlet 998 (Second Revision) or other 
current BuOrd instructions. The best altitudes for release 
are from 7,500 feet to 25,000 feet, using the appropriate set- 
ting of the nose time fuze. , 

Oprration.—The AN-M46 can be released only from 
bomb racks or shackles. If the bomb is released safe, it may 
function on impact and for this reason should never be 
jettisoned over friendly territory. When released armed, it 
functions as follows: 

As the bomb falls away, the arming wire is withdrawn, 
allowing the arming vane to rotate and the arming pin to be 
ejected. When the set time has elapsed, the fuze functions, 
igniting in turn the black powder booster and the main charge 
of flash powder. 

In preparing the bomb for loading, the AN-M146 nose fuze 
should be screwed into the fuze adapter handtight and then 
set for the desired time delay. The arming wire, which is 
shipped with the bomb, should be run through the forward 
suspension lug, the arming pin, and the arming wire guide 
and vane lock. No Fahnestock clip is used as the spring- 
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loaded arming pin holds the arming wire firmly in place until 
armed release. Arrer the arming wire is installed, the safety 
cotter pin is removed from the arming pin and seal wire from 
the vane lock. 

Photoflash Bomb AN-M46 is packed one to a wirebound 
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Figure 7—6.—Photoflash Bomb AN—M46. 
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wooden box. Suspension bands are assembled to the bomb, 
but are removable. Fuzes are shipped separately. 

SPECIAL SAFETY PRECAUTIONS: Flash powder, with which 
these bombs are loaded, is easily ignited by shocks, sparks, or 
friction. When ignited, photoflash bombs explode with ex- 
treme violence and intense heat. They must be handled with 
the same care as black powder and with EVEN GREATER care 
than ordinary pyrotechnic materials and conventional bombs. 

Bomb cases should not be hammered or cut. Do not at- 
tempt to disassemble a photoflash bomb; it is EXTREMELY 
dangerous. Nowork should be done on these bombs except 
unpacking, fuzing, modifying the drag plate, subject to the 
conditions previously noted, and installing them on aircraft. 

Because of the brilliance of the flash, it is detrimental to 
the vision to watch the explosion of photoflash bombs. 


SIGNALING PYROTECHNICS—IDENTIFICATION SIGNALS 
Aircraft Signal Cartridges 


Signal cartridges are fired in the Pyrotechnic Pistol AN- 
M8 as a method of identification for and communication be- 
tween aircraft and surface vessels. These signals can be seen 
during the day or night. They are manufactured for the 
Air Force and procured by the Navy from that service. Fol- 
lowing is an example of the correct nomenclature for a car- 
tridge-type identification signal used by the Navy: 

SIGNAL, AIRCRAFT, RED TRACER, GREEN-RED DOUBLE STAR, AN— 
M58A1. 

Aircraft signals project one or two free stars of the same 
or different colors; colors in current use are red, yellow, and 
green. All aircraft signal cartridges weigh from 4 to 6 
ounces, are approximately 114 inches in diameter, and be- 
tween 3 and 3% inches in length. Table 7-1 shows all air- 
craft signals in current service use. 

The standard signal cartridge consists of a one-piece ex- 
truded aluminum case with extracting rim, a percussion 
primer, a propellant charge of black powder, a steel closing . 
cap, and the illuminant star or stars, together with suitable 
cushioning wads. Double-star signals have two star charges, 
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Table 7—1.—Aircraft signal cartridges. 














































Designation Double or single star | Color combination 
AN-M87A1_- bs | Red-red. 
AN-M88A1_- i Yellow-yellow. 
AN-MB39A1 2 Green-green. 
AN-M40A1 ee Red-yellow. 
AN-M4I1A1 = Red-green. 
AN--M42A1__ Green-yellow. 
AN-M43A1_- Single_.......-.| Red. 
AN-M44A1 -| Single_ .| Yellow. 
AN-M45A1__ Single__....-.--| Green. 
AN-M58A1__------ Double___--.---| Yellow tracer, red-yellow 

star. 

AN-M54A1__ Double.._.-.---| Green tracer, red-red star. 
AN-M55A1 Green tracer, green-red star. 
AN-M56A1__ Red tracer, green-green star. 
AN-M5B7A1__ Red tracer, red-red star. 
AN-M58A1_-_ Double--- .| Red tracer, green-red star. 

















each in an aluminum case and tied together with quickmatch. 
Single-star signals have only one charge, of course, the empty 
space in the cartridge case being filled with spacer wads. 
Tracer-double-star rounds differ in having both star charges 
contained in one inner container which is closed at one end 
by the tracer composition. This inner container also con- 
tains a bursting charge of black powder to expel and separate 
the stars from the inner container at the proper time. Repre- 
sentative types of these signals are shown in figure 7-7. 
Earlier types of aircraft signals, some of which may be 
encountered by the Aviation Ordnanceman, have a shotgun- 
type cartridge case of paper assembled toa brass head. These 
earlier types do not have the “A1” suffix in their designation, 
whereas all the metal-case signals are designated “A1.” 
Colors of the star or stars in both types is indicated by one 
or two colored bands on the forward end of the case. Double- 
star signals have two 14-inch bands, matching the color of 
the stars. Single-star signals have one 14-inch wide band, 
while tracer-double-star signals have one 14-inch band in 
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the color of the tracer and two 44-inch bands ‘representing 
the star colors. The designation of the round and other 
information is stenciled on the case in black. 

Orrration.—All signal cartridges which do not contain 
tracers function as follows: 

When the firing pin strikes the primer, the primer ignites 
the black powder propellant charge. As the star or stars 
are propelled from the case, the quickmatch is ignited by the 
burning gases, and in turn, ignites the first-fire compositions 
and stars. The stars reach full brilliance after traveling 
about 40 to 50 feet, and when fired from the ground reach a 
height of approximately 250 feet. The stars burn about 7 
seconds and can be distinguished for 5 miles at night and 
from 2 to 3 miles in daylight. 

Signal cartridges containing tracers function in a slightly 
different manner, as follows: 

When the black powder propellant charge burns, it ignites 
the tracer in the inner container and expels the entire inner 
container, holding the two stars and the tracer, from the case. 
The tracer becomes visible after traveling about 20 feet. As 
the signal approaches the highest point of its trajectory 
(about 250 feet), the quickmatch connecting the two stars 
and the bursting charge are ignited by the tracer by means 
of a black powder relay charge. The two-star assemblies 
are ignited as they are expelled and separated from the inner 
container by the bursting charge. 

The tracer burns about 4 seconds and the stars for about 
414 seconds. In effect, the tracer appears as a single star 
and rises to a height of 250 feet, when the star separates into 
two stars which fall separately. The tracer and stars can 
be seen for 5 miles at night and 2 to 3 miles in daylight. 

Aircraft signal cartridges are packed 12 cartridges to a 
carton, 12 cartons to a wooden box. They must be stowed in 
magazines at temperatures of less than 100° Fahrenheit or. 
rapid deterioration will occur. 


Pyrotechnic Pistol AN-M8 


With or without mount, the “pyro pistol,” as it is often 
called, is standard equipment for naval aircraft, including 


244 


training planes, and is used to fire the aircraft signals just 
described. The Mount M1 (fig. 7-9) attaches the pistol to 
the aircraft so that it may be fired through an opening in 
the fuselage. The pistol may be detached from the mount 
and fired while in the hand. 

Pyrotechnic Pistol AN-M8 is a breech-loading double- 
action signal pistol. The barrel, hinged to the frame, is held 
in firing position by the breech lock. The plastic grips, back 
plate, and cover plate fasten to the aluminum frame and act 
as a housing for the firing mechanism. To load the pistol, 
lift up on the breech lock. This unlocks the breech and 
swings the breech up. Insert the round and close the breech. 
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Figure 7-8.—Pyrotechnic Pistol AN-M8. 


Caution: When loading and firing, care should be taken 
never to point the pistol toward other personnel or vessels. 
The star charges can inflict severe burns or easily start fires. 
When firing the pistol by hand, it should be held with the 
elbow slightly bent to absorb the shock of recoil. 

The pistol must be kept in serviceable condition at all 
times. After each firing, it should be cleaned thoroughly 
and all principal parts wiped down with an oily cloth. When 
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Figure 7—9.—Mount M1 for Pyrotechnic Pistol AN—M8. 


assembled, the exposed parts should be wiped off with a dry 
cloth. To remove powder residue, the bore should be 
swabbed out with a cloth dampened with acetone or other 
approved solvent. 


Aircraft Emergency Identification Signals Mk 6 and Mk 7 


These signals are launched by hand as a method of identi- 
fication for aircraft. The Mk 6 produces a colored star for 
use at night and the Mk 7 produces colored smoke for use 
in daylight. 

The signals are contained in aluminum cylinders about 214 
inches in diameter. Signal (Star) Mk 6 is about 6 inches 
long and weighs 134 pounds: Signal (Smoke) Mk 7 is about 
10 inches long and weighs 2% pounds. A grenade firing 
mechanism is screwed to one end of the case while the other 
end is closed by a metal cap. 

Inside the case (fig. 7-10) are an ejection charge, a pyro- 
technic candle, and a parachute made of silk, rayon, or 
paper. Both signals are essentially the same except for 
length and the composition of the pyrotechnic candle. The 
cylindrical surface of the case is marked to indicate the type 
and color of the signal. The closing cap or the star signal is 


246 


embossed to indicate the color of the star contained: green, 
white, or red. The closing cap of the smoke signal is not 
embossed but is painted the approximate color of the smoke 
that will be produced. 

Operation (refer to fig. 7-10).—Aircraft emergency iden- 
tification signals are launched by hand from an aircraft in 
flight. The signal is held firmly in one hand, making sure 
the release lever is held against the body of the signal. A 
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safety cotter pin, to which is attached a ring, secures the 
release lever to the firing mechanism. The safety ring and 
cotter pin are pulled out with the other hand and the signal 
launched over the side. 

The release lever is forced off by the striker, which is at 
all times under tension of the striker actuating spring. The 
striker rotates about the hinge pin and strikes the primer. 
The primer ignites the delay element, which burns about 3 
seconds and then ignites the ejection charge. 

The gases produced by the burning ejection charge push 
out the closing cap, parachute, and pyrotechnic candle, and 
at the same time, ignite the starting mixture. The parachute 
opens and suspends the signal, which burns about 25 seconds. 
The stars can be seen about 8 to 10 miles, while the color of 
the smoke signals can be distinguished at a distance of 5,000 
to 6,000 yards. 

Caution: After removing the safety cotter pin, it is 
EXTREMELY important to hold the release lever firmly against 
the case of the signal until Jaunched. Only a small move- 
ment of the lever is required to free the striker and initiate 
the ignition train. Never remove the firing mechanism. 

Each signal is packed in a lightweight, moisture-proof, 
mailing tube type container. Twelve of these containers are 
packed in an unlined wooden box. The signals must be 
stowed in a dry, well-ventilated location and temperature 
should not be allowed to exceed 100° Fahrenheit. 


Distress Signals 


Distress signals for daytime use produce smoke while those 
for night use produce a light or star. Signals, flares, and 
other pyrotechnics, the primary use of which is for illumi- 
nating or marking, may. also be used as distress signals. 


Signal (Distress, Day and Night) Mk 13 


The Signal Mk 13 is a combination distress signal for 
either day or night use and is particularly adapted for use by 
aviation personnel downed at sea. Because of its small size 
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it can be conveniently carried in pockets of life jackets, flight 
suits, or life rafts. The signal consists of a metal cylindrical 
outer case 51% inches long and 15¢ inches in diameter, which 
contains an orange smoke mixture in one end and a flare 
pellet in the other. The signal weighs 614 ounces. 
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Figure 7—11.—Signal (Distress, Day and Night) Mk 13. 


Both ends of the metal tube are closed by a soldered cap 
to which is attached a pull ring. Upon removal of the sol- 
dered cap (by pulling on the ring), a brass wire attached to 
the bottom is pulled through a friction igniter. This action 
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results in igniting the smoke mixture or flare pellet, depend- 
ing upon which ring is pulled. Smoke is produced for about 
18 seconds; flare burning time is 18 to 20 seconds with an 
average intensity of 3,000 candlepower. The smoke can be 
seen up to 3 miles away, while the flare has an average visi- 
bility of 5 miles. Each section of the signal is waterproofed 
and insulated against heat transfer from one section to the 
other. 

The soldered caps on both ends of the signal are covered 
with a paper cap to prevent accidental ignition. These paper 
caps should be removed before actual use so that the pull 
ring will be readily accessible when desired. 

Orrration.—The signal body carries an illustrated decal- 
comania showing in detail the method of operation. The 
flare end can be identified at night by the series of embossed 
projections which extend around the case about 14 inch below 
the closure. Having determined which end of the signal is 
to be used, point the signal away from the face and give a 
quick pull on the pull ring, thereby igniting the pyrotechnic 
composition. ; 

Hold the signal at arm’s length at an angle of about 30° 
upward, to leeward, to prevent hot drippings or discharge 
from falling on the hand. After the pyrotechnic material 
has burned out, the signal should immediately be doused in 
the water in order to cool the metal parts. The signal should 
then be retained for use of the opposite end if required. . 

Caution: Never attempt to ignite both ends of the signal 
at the same time. 

These signals are shipped in wooden boxes containing 100 
signals. Stowage conditions required are the same as for 
other pyrotechnics already described. 


Signal, Distress, Smoke, Hand, AN-Mk 1 Mod 1 


The AN-Mk 1 Mod 1 distress signal is intended for use 
in life raft kits. It has a diameter of 15 inches, a length of 
3% inches, and weighs 6 ounces. The signals contain a pyro- 
technic mixture which produces orange smoke for about 18 
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seconds. One end of the case is closed by a soldered cap, to 
which is attached a pull ring used to fire the signal. 

The AN-MKE 1 Mod 1 is similar to the Mk 13 signal in 
appearance, except that the AN-Mk 1 Mod 1 is shorter in 
length. The two signals function alike, and the instructions 
given for the Mk 13 apply also to the AN-Mk 1 Mod 1. 

AN-Mk 1 Mod 1 distress signals are packed 100 to a 
wooden shipping case. They should be stowed in a cool dry 
place where the temperature does not exceed 100° Fahrenheit. 
The signals are watertight and are unaffected by moisture. 


Signal, Distress, Two-Star, Red, AN-M75 


This is a night, hand-held distress signal for use by aircraft 
personnel when forced down over water, and is small enough 
to be carried in the pockets of flight suits, life jackets, and 
life rafts. The case has a length of 5 inches, a diameter of 
11% inches, and the signal weighs 514 ounces. 

OvrraTion (refer to fig. 7-12). Remove the screw-type 
cap and hold the signal in one hand with the igniter end 
pointed upward. Before attempting to fire the signal, un- 
fold and fully extend the double-wire loops attached to the 
notched retainer fork. A twist of the assembly or a sharp 
pull at right angles to the case releases the spring-loaded 
firing pin activating the signal. After a delay of 2 to 4 
seconds, the first star is ejected to a height of about 125 feet. 
Following a further delay of 2 to 4 seconds, the second star 
is ejected to the same height. The burning time of each star 
is from 4 to 6 seconds at a minimum intensity of 8,000 candle- 
power. 

Caution: The ignition end of the signal should be aimed 
upward, to leeward, and away from the face and body. 
Do not look into the top of the signal. When the retainer 
fork is disengaged from the striker, the primer is ignited 
and this throws the igniter holder about 10 feet away from 
the signal. 

Signals AN-M75 are packed 5 to a metal can, 16 metal cans 
in a wooden shipping box. Stowage requirements are the 
same as for other pyrotechnic items. 
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Figure 7—12.—Signal, Distress, Two-Star, Red, AN—M75. 


PRACTICE BOMB SIGNALS 


Miniature Practice Bomb Signal AN-Mk 4 and Mods 


The AN—Mk 4 and Mods is designed to be used in all minia- 
ture practice bombs. Its purpose is to indicate the point of 
impact of the bomb by the creation of a flash and a puff of 
white smoke, allowing an immediate estimate of accuracy to 
be made. 

The Miniature Practice Bomb Signals AN-Mk 4 Mods 0, 
1, and 2 are extra-long 10-gage paper shotgun shells having 
a diameter of 7% inch, a length of 534 inches, and weighing 
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2 ounces. They contain an expelling charge of black powder 
and are primed with a commercial primer. The pyrotechnic 
* charge is separated from the expelling charge by a paper 
disk and a wad; the ends of the shells are closed by felt wads 
secured by crimping the ends of the shells. 

The AN-Mk 4 Mod 0 is the standard signal and has been in 
use for a number of years. Mods 1 and 2 are for limited use 
and contain inert materials which produce very little flash 
and a smoke puff markedly inferior to that of the Mod 0 
signal. Figure 7-13 shows a Signal AN-Mk 4. 

The Signal AN-Mk 4 Mod 3 is similar to the AN-Mk 4 © 
Mod 0 but differs in that the case is extruded aluminum 
rather than paper, the primer has improved storage charac- 
teristics, and a pyrotechnic charge is used which produces 
the same flash, but a superior smoke puff. 

The AN-Mk 4 and Mods does not consistently produce a 
visible signal on impact with water or soft earth when 
dropped from altitudes of 10,000 feet or greater because the 
bomb enters the water or earth so quickly that the visible 
results of functioning are not apparent. 

The signal should be inspected prior to loading to make 
sure it is in good condition, dry, and not swelled or de- 
formed. The primer must not protrude from the head of the 
case. Signals not complying with the above should be 
discarded. 

Oprration.—Place the signal in position in the bomb. Re- 
ject the signal if it does not slide into position by its own 
weight, without the use of force. Place the firing pin as- 
sembly in the nose of the bomb with the firing pin toward the 
signal ; the firing pin assembly should slide into place without 
being forced. Insert and slightly spread the cotter pin which 
holds the firing pin assembly in place (except in Miniature 
Practice Bomb Mk 19 and Mods). 

The firing pin of the Mk 19 is held in place by a plain pin 
instead of a cotter pin. To keep the pin from falling out, 
either peen a slight amount of the lead alloy body over the 
ends of the pin, or cover both ends with pieces of adhesive 
tape about 114 inches square. Do nor bend the pin to keep 
it in place. 
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When the bomb strikes the water or earth, the firing pin in 
the nose is forced against the primer of the signal. The 
primer ignites the expelling charge which forces the pyro- 
technic charge out the opening in the tail of the bomb, and 
at the same time, ignites it. A reddish flash and a puff of 
white smoke are produced. 

Signals AN-Mk 4 and Mods are packed 50 to a cardboard 
carton, 25 cartons in a wooden shipping box. 





AN-Mk 4 





Figure 7—13.—Miniature Practice Bomb Signal AN-Mk 4 and Mods. Miniature 
Practice Bomb Signal (Fluorescein) AN-Mk 5. 
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Miniature Practice Bomb Signal (Fluorescein) AN-Mk 5 


This signal can be used in any miniature practice bomb in 
which the Signal AN-Mk 4 and Mods can be used. The AN- 
Mk 5 is intended for dive bombing practice under certain 
conditions since, when a wind is blowing, the smoke puff from 
an AN-Mk 4 signal often blows away before the pilot can get 
into position to view the results of his attack. 

The AN-Mk 5 has a diameter of 7% inch, a length of 134 
inches, and weighs 14 ounce. A shoulder, which increases the 
diameter of one end, serves to locate the signal in the bomb 
(fig. 7-18). The signal is composed of a plastic cylinder 
containing 10 grams of fluorescein dye. This dye is brick red 
in color but becomes bright green when dissolved in water. 
The slick, or dye spot, can be seen from an altitude of 15,000 
feet. Fluorescein dye is also used in some types of depth 
charge markers and as life jacket and life raft equipment. 

Oreration.—The bomb is prepared for use by removing 
the cotter pin and firing pin assembly. The signal is inserted 
with the small end of the signal toward the tail of the bomb, 
only the cotter pin is replaced, and the end is spread. The 
unused firing pin assemblies should be retained as spares or 
turned in to the nearest supply point. 

Upon impact, water enters the nose of the bomb, breaks the 
weak ends of the plastic container, and forces the dye out the 
tail end of the bomb. 

These signals are packed 200 to a cardboard carton, 5 car- 
tons in a wooden packing box. 


Practice Bomb Signal Mk 6 


The Mk 6 is designed for use with 500-pound size and 
1,000-pound size practice bombs, and contains about 2 pounds 
of black powder which serves as a spotting charge. The 
signal is attached to the tail fin assembly of the bomb with the 
forward end of the signal seated in an indentation in the after 
end of the bomb body. The signal is 3 inches in diameter, 11 
inches long, and weighs 334 pounds. A Mk 247 fuze (fig. 7- 
14) is used to ignite the black-powder charge. 
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The forward section of the signal is a sheet steel cylindri- 
cal container having a diameter of about 27% inches, a length 
of 8 inches, and filled with the black-powder charge. When 
the signal is completely assembled, a chamber in the after 
end of the powder container holds a caliber .38 blank car- 
tridge, the cartridge being held in place by the Mk 247 fuze. 
Full instructions for assembling the signal and attaching it 
to the bomb may be found in Ordnance Pamphlet 998— 
Aircraft Pyrotechnics and Accessories. 

The Fuze Mk 247 is about 41% inches long and contains a 











VANE 


FUZE BODY 


SAFETY COTTER PIN 


= 


LOCK NUTS 


-38 CALIBER BLANK CARTRIDGE 


aN 


Figure 7—14.—Practice Bomb Signal Mk 6. 
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firing pin armed by rotation of a 2-bladed arming vane. 
The firing pin is held safe by a threaded shaft secured to the 
vane; during fall the vane rotates and unscrews the shaft 
from the firing pin which is then held only by a conical 
anticreep spring; the vane and shaft fall clear. Upon im- 
pact with the ground or water, the inertia of the firing pin 
carries it forward to strike and ignite the primer of the 
caliber .38 blank cartridge. Firing of the cartridge in turn 
ignites the black powder spotting charge, resulting in a flash 
and a puff of white smoke. 

The Fuze Mk 247 is carrier-safe and requires 65 to 240 
feet of air travel to arm, when used in the smallest water- 
sand-filled practice bomb, the 100-pound Mk 15. In larger 
bombs, a greater amount of air travel is required. A single 
Fahnestock clip is used on the arming wire of the Mk 247 
fuze. 

Each Practice Bomb Signal Mk 6 is packed in a corru- 
gated-chipboard box, 8 signals to a wooden shipping box. 
They must be stowed in a dry, well-ventilated location out 
of the direct rays of the sun. 


Practice Bomb Signal Mk 7 


The Signal Mk 7 is designed for use with the 100-pound 
Practice Bomb Mk 15 Mod 3. The signal contains about one 
pound of black powder which is ignited by action of a Fuze 
Mk 247 and a caliber .38 blank cartridge. 

The Mk 7 is similar in construction and operation to the 
Signal Mk 6 but has a body diameter of 2 inches and a length 
of 14 inches when assembled with fuze. The powder con- 
tainer is about 10 inches long and the fuze end contains the 
caliber .38 blank cartridge when completely assembled. The 
signal is attached to the tail fin assembly of the bomb with 
the signal seated in an opening in the after end of the bomb 
body. a 

Full instructions in assembly of the signal and attachment 
to the bomb may be found in Ordnance Pamphlet 998— 
Aircraft Pyrotechnics and Accessories. Fuze functioning 
has already been described. 
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Each Practice Bomb Signal Mk 7 is packed in a corru- 
gated-cardboard carton, assembled with a Fuze Mk 247. 
The arming vane of the fuze is not attached when shipped 
but is included in the carton. A cotter pin for securing the 
vane to the arming shaft. and a caliber .38 blank cartridge 
are provided in an envelope in the carton. Stowage condi- 
tions should be the same as for the Signal Mk 6. 


MARKING PYROTECHNICS 


Marking pyrotechnics are used over water to provide a 
stationary reference point on the surface. They are used as 
aids to navigation by enabling a determination of drift to 
be made, to mark the point of initial contact with a sub- 
marine, to determine wind direction before landing. or to 
mark the location of the surface for emergency night land- 
ing. One type of marker produces a slick on the water 
while the other type burns, producing smoke and flame. 


Marker, Slick, AN-M59 


This slick marker is for daytime use only as it does not 
burn but produces a yellowish green, fluorescent slick on the 
surface of the water. The slick formed is at least 20 feet 
in diameter, lasts at least 2 hours, and can be seen at a range 
of 10 miles from an altitude of 3,000 feet. 

The marker consists of a molded plastic case filled with 
2.2 pounds of fluorescein dye. The marker is protected by 
a split cylinder cover of papier-mache (fig. 7-15) which does 
not interfere with its function. 

The papier-mache cover becomes detached from the slick 
marker during the drop to the water. Upon striking the 
water, the brittle case shatters completely, scattering the 
enclosed dye which dissolves to form a slick. 

The marker is packed 1 per fiber carton, 10 cartons to a 
wooden box. 

Caution: The plastic case of the Marker AN-M59 is ex- 
tremely fragile and care must be exercised in handling this 
item, even when properly packed. 


258 





Figure 7-15.—Marker, Slick, AN-M59. 
Cartridge, Slick Marker, AN-Mk 1 


The Slick Marker Cartridge AN-Mk 1 is designed pri- 
marily for antisubmarine warfare use but may be used for 
any purpose requiring a reference point on the water. The 
cartridge is composed of a shotgun-type case with primer 
and black powder propellant charge and containing a dye- 
filled aluminum container or projectile. The projectile 
contains 28 grams of fluorescein dye, a black powder burst- 
ing charge, and a length of safety fuse. The complete round 
is 1% inches in diameter, 334 inches long, weighs about 4 
ounces and is fired from the Pyrotechnic Pistol AN-M8. By 
aiming aft, at an angle depending on the ground speed of 
the aircraft, the slick can be placed at a point vertically 
below the aircraft at the moment of firing. 

When the cartridge is fired, the projectile is propelled from 
the case, and at the same time, the safety fuse is ignited. The 
fuse burns 11 seconds and ignites the projectile bursting 
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charge (fig. 7-16). The bursting charge forces the dye out 
into the water. The dye quickly creates a small bright green 
slick on the surface. 

The projectile has a positive buoyancy so that it will 
remain on or near the surface until the bursting charge 
disperses the dye to form the slick. The cartridge should 
not be fired at altitudes over 500 feet because the projectile 
will generally burst in the air; this so disperses the dye 
that a visible slick will not be created. 


SHOTGUN TYPE 
CASE 












BURSTING CHARGE 
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PROPELLING CHARGE 


PRIMER 
Figure 7-16.—Cartridge, Slick Marker, AN—Mk 1, 


Cartridges are packed 10 to a carton, 5 cartons to a con- 
tainer. Five of the containers are packed in a wooden 
shipping box. They may be stowed with signal cartridges 
under conditions recommended for stowage of pyrotechnic 
items. 


Signal, Drift, Night, AN-Mk 5 and Mods 


Drift signals and float lights float on the surface while 
burning and give a light and smoke which are visible to an 
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observer in the aircraft from which launched. The AN-Mk 
5 and Mods is one of the most commonly used pyrotechnic 
items in naval aviation; it is used to determine the drift | 
of the plane, to mark the location of an object on the water, 
or to provide a reference point for any purpose. 

The Night Drift Signal AN-Mk 5 and Mods weighs 
approximately 4 pounds. The body is of wood, 3 inches in 
diameter and 19 inches in overall length. A flat die-cast 
nose contains a water-impact fuze at one end, and at the 
other, a sheet-metal tail fin assembly is mounted (fig. 7-17). 

The pyrotechnic mixture is composed of 3 pellets end-to- 
end, each pellet being 4 inches long and 114 inches in diam- 
eter, with a 0.22-inch hole through the center, through which 
passes a length of safety fuse. The pellets are enclosed in 
a metal pyrotechnic tube to keep the hygroscopic mixture 
from absorbing moisture through the wooden body. The 
signal burns from 12 to 15 minutes and the flame can be seen 
at night for a distance of 6 or 7 miles. The white smoke 
is readily seen in daylight on clear days, but under hazy 
conditions, observation is difficult. 

The AN-Mk 5 Mod 4 has a sensitized fuze for use in 
helicopters and lighter-than-air craft; the fuze will function 
when dropped on the water from an altitude of 50 feet at 
0 knots speed, or from any altitude if the release speed is 
125 knots or greater. Earlier Mods will function satisfac- 
torily if released at speeds above 100 knots and altitude above 
50 feet. 

When launched from aircraft, the signal falls nose down- 
ward and on impact with the surface, the water breaks the 
lead sealing disk and drives the firing pin back against the 
primer. Flame from the primer ignites the safety fuse, 
which burns about 9 seconds, giving the signal time to return 
to the surface and right itself. 

The safety fuse ignites a length of quickmatch which in 
turn ignites the first-fire composition. The first-fire com- 
position produces enough heat to ignite the pellet, and gases 
generated break open the pyrotechnic tube and force out 
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Figure 7—17.—Signal, Drift, Night, AN-Mk 5 and Mods. 


262 


the cap which seals the end of the discharge tube. A flame 
12 to 15 inches high and a white smoke are produced. 

Drift signals are packed in individual corrugated boxes 
wrapped in a moisture-vapor-proof material, 25 such boxes 
to a wooden shipping box. They should be stowed in the 
containers in which they are supplied, in temperatures no 
greater than 100° F. Aboard ship they should be stowed 
in pyrotechnic Iockers above decks, because burning drift 
signals produce large quantities of smoke, making fire fight- 
ing difficult. 


Aircraft Float Light Mk 6 Mod 2 


The Aircraft Float Light Mk 6 Mod 2 (and later) pro- 
vides a long-burning surface marker for day or night use. 
It consists of a wooden body 51% inches square, 2014 inches 
long, and weighs 16 pounds. The body contains 4 Night 
Drift Signal AN-Mk 5 and Mods pyrotechnic candles, which 
burn successively for a total of 40 to 60 minutes. A flat die- 
cast metal nose piece is attached to the forward end of the 
body, which causes the signal to fall nose down and to re- 
main in an upright position, nose downward, while in the 
water. No tail stabilizing fins are used. 

In the tail end of the body is a pull-type igniter and the 
outlet holes for the 4 discharge tubes. Each hole is closed 
with a metal cap and sealed with a square of adhesive tape. 
This tape musr nor be removed prior to launching the float 
light. A safety fuse provides continuity between the igniter 
and the top of the first candle, and between the bottom of 
one candle and the top of the next. Normally there is no 
delay in transferring the flame from one candle to another 
but a delay of 90 seconds occurs between actuation of the 
igniter and ignition of the first candle. This is to give the 
float light time to return to the surface of the water and 
become stabilized. The Mk 6 Mod 2 may be launched from 
aircraft at any altitude up to 5,000 feet. 

The pull-type igniter is actuated when the flare is launched 
by sharply pulling on the ring attached to the friction wire, 
either by hand or by a lanyard attached to the aircraft struc- 
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ture. THE FLOAT LIGHT MUST BE LAUNCHED IMMEDIATELY 
AFTER THE IGNITER HAS BEEN ACTUATED. The igniter ignites 
the safety fuse which runs through the center of the body, 
and the fuse burns 90 seconds and then ignites the quick- 
match and starter mixture at the top of the first candle. 
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WOODEN BODY 














NOSE PLATE 
Figure 7—18.—Aircraft Float Light Mk 6 Mod 2. 


The gases generated by the burning candle break open the 
pyrotechnic tube which seals the candle from moisture, force 
out the end cap, and break the adhesive tape seal, allowing 
the gases to escape and burn. As each candle burns down 
to its end, a fuse is ignited which burns to the top of the 
next candle and ignites it, and this process is repeated until 
all four candles have burned (fig. 7-18). A flame 10 to 12 
inches high and a white smoke are produced. 

The Aircraft Float Light Mk 6 Mod 2 is packed individ- 
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ually in moisture-vapor-proof containers, 6 such containers 
to a wooden shipping box. Aboard ship they should be 
stowed in pyrotechnic lockers above decks. Stowage tem- 
peratures should not exceed 100° F. 


Day Depth Charge Marker Mk 1 Mod 3 


This marker is used for indicating the initial point of 
contact with a submarine and provide a reference point for 
further search and attack during day operations. It may be 
launched by hand from aircraft or from the decks of surface 
vessels. After launching, the dye containers in the marker 
burst, spreading a fluorescein dye on the surface which forms 
a chrome yellow slick. The slick can be seen for about 3,000 
yards from the deck of a ship and about 5 miles from air- 
craft, and remains on the water for at least 45 minutes— 
longer under favorable wind and weather conditions. 

The Marker Mk 1 Mod 3 has a diameter of 314 inches, is 
11% inches long, and weighs approximately 314 pounds. It 
consists of a circular wooden block on which is mounted a 
grenade firing mechanism similar to that shown in figure 7- 
10, except that the release lever is curved. Fluorescein dye is 
contained in 2 cylindrica] kraft paper containers, 1 attached 
to each flat side of the wooden block (fig. 7-19). A plastic 
. tube containing a bursting charge of black powder extends 
through the wooden block into both dye containers, and a 
length of safety fuse connects the primer of the firing mech- 
anism and the bursting charge. 

Earlier Mods of this marker produce a green dye which 
often causes confusion with dye slicks marking downed air- 
craft. To prevent this, the Mk 1 Mod 3, which produces a 
CHROME YELLOW slick, has been adopted as the service day 
depth charge marker. Earlier Mods if still on hand, should - 
be used for training purposes only. 

To prepare the marker for launching from aircraft at alti- 
tudes up to 1,000 feet, grasp the marker firmly in one hand, 
being sure the release lever is held firmly against the body of 
the marker. With the other hand, pull the safety ring which 
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is attached to the safety pin. After removal of the cotter pin, 
launch the marker by throwing it over the side. 

The operation of the grenade firing mechanism has al- 
ready been described ; it ignites a length of safety fuse which 
burns about 15 seconds and then ignites the bursting charge. 
The expanding gases produced by the burning bursting 
charge break open the dye containers and spread the dye on 
the water. 
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Figure 7-19.—Day Depth Charge Marker Mk 1 and Mods. 


Caution: After removing the safety cotter pin, it is 
EXTREMELY IMPorTANT to hold the release lever firmly against 
the body of the marker until launching. Only a small move- 
ment of the release lever is required to free the striker. Never 
REMOVE THE FIRING MECHANISM FROM THE MARKER UNDER ANY 
CIRCUMSTANCES. 
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Markers Mk 1 and Mods may be launched from aircraft 
at ANY altitude, provided the safety cotter pin is not removed. 
Impact with the surface will crush the dye containers, re- 
leasing the dye to produce a slick slightly smaller than that 
produced otherwise. In general, the firing mechanism 
should be actuated for release at altitudes under 1,000 feet, 
and left unfired for releases at altitudes over 1,000 feet. If 
the firing mechanism is actuated for releases at altitudes over 
1,000 feet, the marker will burst in the air, scattering the dye 
to such an extent that a visible slick will not be produced. 

The Day Depth Charge Marker Mk 1 Mod 1 is packed indi- 
vidually in an asphalt-impregnated container which is sealed 
with adhesive tape, 10 such containers to a wooden shipping 
box. The Marker Mk 1 Mod 2 is packed individually in a 
moisture-vapor-proof bag and then in a carton. Ten of 
these cartons are packed in a wooden shipping box. 

Markers Mk 1 and Mods should be stowed in a dry, well- 
ventilated place. The temperature in the magazine or locker 
should not be allowed to exceed 100° F. 


Night Depth Charge Marker Mk 2 


The Night Depth Charge Marker Mk 2 is used for indi- 
cating the initial point of contact with submarines and to 
provide a reference point for further search and attack 
during night operations. It may be launched by hand from 
aircraft at altitudes up to 3,000 feet, and under average 
atmospheric conditions, can be seen from the deck of a ship 
at distances up to 4 miles and from aircraft at distances up 
to 10 miles. 

The marker is a sealed cylindrical metal can 5 inches in 
diameter, 7 inches long, and weighing about 24% pounds. A 
centrally-located tube within the can contains a small charge 
of calcium phosphide, and the main charge of calcium carbide 
surrounds this tube. On each end of the can is a tear strip 
with pull ring attached which seals two small holes to permit 
entrance of water when the marker is thrown overboard. 
A cutaway view of the marker is shown in figure 7-20. 

Before launching, the two tear strips Must be pulled off 
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Figure 7—20.—Night Depth Charge Marker Mk 2. 


the ends of the container. The marker is then launched by 
throwing it over the side. Water enters the container 
through the holes in the ends and reacts with both the calcium 
carbide and the calcium phosphide. Water and calcium car- 
bide combine to produce acetylene, an inflammable gas, while 
water and calcium phosphide combine to produce phosphine, 
a spontaneously-ignited gas. In operation, the gases pro- 
duced escape through the holes and ignite within 70 to 90 
seconds after impact with the water. The phosphine gas 
ignites spontaneously and in so doing ignites the acetylene, 
producing a flame about 9 inches high which burns without 
smoke for a period of at least 45 minutes. If the flame is 
put out by rough seas, the gases will ignite again. 
Caution: These markers should be stowed separately from 
other pyrotechnics if possible. Do not stow in a compart- 
ment equipped with sprinklers, or fight fires near Markers 
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Mk 2 with water, since the markers will ignite when water 
strikes their contents. Do not handle or hold by the tear 
strip pull ring; the tear strips must not be removed until 
just prior to use. Markers should be inspected periodically 
to insure that tear strips are in place and the seams are tight; 
if the watertight integrity is broken the markers may evolve 
acetylene and phosphine gradually. These gases may collect 
in enclosed places to produce hazardous concentrations that 
can explode if ignited. 

Night Depth Charge Markers Mk 2 are packed 12 toa 
corrugated cardboard container. 


SAFETY PRECAUTIONS FOR PYROTECHNICS 


Pyrotechnic ammunition is one of the most widely used 
types of munitions in naval aviation; pyrotechnics of one 
type or another are carried in almost every Navy aircraft, 
including unarmed transport and training planes. Conse- 
quently, the Aviation Ordnanceman handles a great deal of 
it, especially while serving in the fleet, and the tendency to 
become careless through long familiarity with pyrotechnics 
handling often becomes pronounced to a dangerous degree. 

Pyrotechnics contain material of an extremely dangerous 
nature. Special precautions for certain pyrotechnics are 
prescribed in the section relating to the specific item. The 
following general precautions should be observed at all times: 

Pyrotechnics should be handled carefully. Rough han- 
dling may cause immediate functioning, or may damage the 
item so it will not function properly at the time desired. 
Some pyrotechnic ammunition is more DANGEROUS than other 
types of service ammunition, and its proper functioning is 
EQUALLY IMPORTANT. 

Whenever possible, pyrotechnics should be stowed in. the 
boxes or water tight containers in which they are supplied, 
and should be separated according to type, color, and lot 
number. 

Functioning of pyrotechnics is affected by moisture, so 
they should be stowed in a dry, well-ventilated place. Most 
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pyrotechnics are packed in moisture-proof containers; the 
seal of such packings should not be broken until just before 
the item is to be used. Pyrotechnics exposed to moisture 
should be segregated until an examination has proved they 
are safe and serviceable. 

Pyrotechnics should not be stowed where the direct rays 
of the sun can strike them, and they should be protected from 
excessive and variable temperatures. The temperature in 
stowage spaces should be below 100° F. The main reason 
for this temperature limitation is that many pyrotechnic 
items incorporate commercial percussion-type primers con- 
taining fulminate of mercury which deteriorates rapidly at 
temperatures exceeding 100° F. 

Aboard ship, smoke-producing pyrotechnics should be 
stowed above deck if possible, because it is difficult to combat 
fire in these materials when they are stowed where the smoke 
produced is not blown away. Water-activated items should 
be stowed separately. If water is used to fight a fire, the 
water may spread the fire by activating the pyrotechnics. 

Smoking or carrying lighted cigarettes, cigars, or pipes 
is not permitted in the vicinity of pyrotechnics. Matches 
and other flame or spark-producing articles should not be 
carried near places where pyrotechnics are stowed. 

When a cartridge-type pyrotechnic misfires, make at least 
two more attempts to fire it. If it still fails to fire, the pistol 
or projector may be unloaded after waiting a minimum of 
30 seconds. Because of the possibility of a hangfire, this rule 
should nEvER be disregarded. 

Because of the nature of pyrotechnics, most types deterio- 
rate in a shorter period of time than other types of service 
ammunition. The oldest serviceable pyrotechnics available 
should be issued first to insure the continuing availability 
of a fresh stock. 

Pyrotechnic ammunition aboard aircraft must be stowed 
securely. For example, a loose flare may ignite and cause 
a serious accident if the ripcord or arming plate fouls on 
other gear or on some projection. 

Flares are more dangerous as a fire hazard than many types 
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of ammunition because they are so easily activated and 
because of the great heat developed by the burning illuminant 
candle. Extreme care is necessary in stowage, use, and 
handling. Flares exposed to excessive moisture or mechani- 
cally damaged by rough handling shall be returned to am- 
munition depots, dumped overboard, or burned. Flares 
should never be disassembled and parachutes or other com- 
ponents removed, nor should they be left in aircraft indefi- 
nitely grounded. 

When directed by the Bureau of Ordnance, defective and 
obsolete items of pyrotechnics may be disposed of by either 
dumping overboard or burning. Dumping must be done at 
least 10 miles offshore and in water more than 500 fathoms 
deep. Dumping is preferred to burning because it involves 
less preparation and hazard. Full instructions for dumping 
or burning pyrotechnics may be found in OP 998—Aircraft 
Pyrotechnics and Accessories (Second Rev.). Specific 
BuOrd instructions cover the disposition of photoflash bombs 
and certain other items not mentioned in OP 998. 

Photoflash Bombs AN-M146 are EXTREMELY DANGEROUS 
and must be handled with great care. They detonate with 
a high-order explosion. Duds should be handled with ex- 
treme caution, particularly if they have distorted or ruptured 
cases. The slightest friction may set off the loose photoflash 
powder with which these bombs are loaded, and unfuzing 
duds of this class of bombs pors nor render them safe. to 
handle. 

If possible, such duds should be destroyed in place, using 
two 14-pound blocks of TNT. Such work should be under- 
taken only by qualified explosive ordnance disposal per- 
sonnel. Removal of duds is extremely hazardous and should 
be done only in emergencies. 


SMOKE SCREEN EQUIPMENT 


Aircraft chemical spraying is defined as the spraying or 
dispersing of liquid chemical agents in droplets or in atom- 
ized form from tanks carried on an airplane. Thus “spray- 
ing” includes “smoking.” Naval cognizance of the mechan- 
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ical equipment, such as aircraft smoke tanks, is under the 
Bureau of Aeronautics, while the Bureau of Ordnance has 
cognizance over the smoke and toxic agents used with the 
spray equipment. 

Aircraft chemical spray may be used for: 

1. Producing casualties (war gases). 

2. Harassing the enemy (war gases). 

3. Denying areas to the enemy (persistent vesicant 
spray, such as mustard gas). 

4. Reducing visibility (smoke screens). 

War gases have not been used in hostilities since World 
War I of 1914-1918, although both sides in World War II 
maintained large stocks of this type weapon. Barring its 
use in any future war, the Aviation Ordnanceman will be 
concerned with aircraft chemical tanks only for smoke 
screen-laying purposes; however, it should be borne in mind 
that these tanks function equally well with either smoke or 
vesicant spray, the two main types of chemical agents used 
in aerial spraying. ~ 


Persistent Vesicants 


Vesicants are chemical agents which produce a blistering 
effect upon the skin. Persistent vesicants sprayed on an area 
will contaminate the area for a period ranging from about 
two days to several weeks, the time depending upon weather 
conditions. The vesicants most likely to be used are mus- 
Tarp (H) and Lewisire (L), or chemical agents similar to 
these war gases. While these vesicants are called “poisonous 
gases,” actually they are oily liquids which vaporize slowly 
and have a high boiling point. 

Mustard and lewisite are readily absorbed by rubber, 
leather, wood, and other porous articles, and in a short time 
will penetrate rubber boots, gloves, or other articles of cloth- 
ing, if these are bought into contact with the liquid. There- 
fore most articles of clothing which have not been specially 
treated will not provide protection against liquid or vaporous 
mustard and lewisite. 

Chemical freezing deterrents and stabilizers may be mixed 
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with mustard. A thickening agent is desirable and is mixed 
with mustard for other than low-altitude spraying in order 
to increase the size of the drops and therefore the rate of 
fall, thus making higher-altitude spraying more economical, 
accurate, and practicable. 

Mustard or lewisite have distinctive odors in low concen- 
trations and are decidedly pungent in high concentrations 
and consequently their presence can usually be detected by 
smell alone. However, in recent years some very potent 
chemical agents have been developed which have very little 
odor, even in high concentrations, and these new agents have 
been termed “NirroGEN MUsTaRDs.” The nitrogen mustards 
are not as persistent as mustard, but because of their com- 
parative lack of odor, are difficult to detect. The greatest 
danger from this gas is in the fact that the eyes and lungs 
may be damaged before the presence of gas is suspected if 
reliance is placed on smell alone. The gas acts as a vesicant 
or irritant to all exposed tissues, including the eyes, skin, 
respiratory tract, and stomach. 

The nitrogen mustards may be sprayed in the same manner 
as mustard or lewisite. 


Smoke Mixtures 


A smoke is a cloud of minute particles of solids, liquids, or 
both, which are suspended in the air. These particles may 
vary in size from those large enough to be seen by the naked 
eye to those almost as small as a single molecule. Most of the 
effect of a screening smoke comes from the reflection and re- 
fraction by the many smoke particles, rather than from the 
actual obstruction of the light rays. A white smoke is a more 
effective screening agent than a black smoke because of the 
superior refraction and reflection qualities of white smoke. 
It is obvious that the smaller the particles of smoke are, the 
more effective the screen will be, since more smoke particles 
will be produced by a given quantity of smoke material and 
more reflection will be the result. 

The two smoke mixtures most commonly used by the Navy 
in laying smoke screens from aircraft are FS (sulfur trioxide 
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in chlorsulfoni¢ acid) and FM (titanium tetrachloride). 
These materials are liquid at ordinary temperatures and when 
sprayed from aircraft they mix with the moisture in the air 
to form white smoke. Since they depend to a large extent 
upon the moisture in the air for their greatest effect. a high 
moisture content is required to produce a good smoke screen 
with a minimum amount of liquid smoke material. As the 
humidity decreases, an increased amount of smoke material 
is required to produce a good screen. Temperatures consid- 
erably below freezing are not favorable for laying screens 
with these chemicals as the actual moisture content of the air 
is low. 

FS consists of approximately 55 percent sulfur trioxide and 
45 percent chlorsulfonic acid by weight. The purpose of the 
chlorsulfonic acid is to keep the sulfur trioxide in a liquid 
state at the lowest temperatures likely to be encountered ; with 
the 55-45 mixture the sulfur trioxide remains liquid down to 
temperature below minus 22° F. The chlorsulfonic acid has 
fair smoke-producing qualities but the sulfur trioxide is the 
chief smoke producer. On contact with the moisture in the 
air, the sulfur trioxide forms sulfuric acid, while the chlor- 
sulfonic acid forms sulfuric and hydrochloric acid. The 
smoke produced causes irritation of the skin and throat, but 
is harmless since the concentration of acid in a smoke is very 
low. 

Liquid FS. which practically always has some water 
present, has very strong corrosive properties. It has a very 
slight reaction with monel, as compared with other metals. 
However, water-free FS is relatively noncorrosive and is 
usually shipped satisfactorily in tightly sealed steel con- 
tainers. FS weighs 15.8 pounds per gallon. 

FM is a colorless liquid which in contact with the moisture 
in the air produces a smoke composed of titanium hydroxide 
and hydrochloric acid. The titanium hydroxide is water- 
absorbing and the smoke soon becomes composed of combined 
solid and liquid particles. The hydrochloric acid, being 
hygroscopic, also helps form the smoke. FM smoke is harm- 
less and only slightly irritating. 
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Moisture should not be allowed to come in contact with 
FM smoke mixture as traces of moisture cause the formation 
of solid titanium hydroxide, which tends to settle and might 
cause trouble on discharge. FM produces a good smoke 
when the humidity is average and is considered better than 
FS in cold weather, but the smoke tends to dissipate rapidly. 
With a higher humidity, the smoke dissipates more slowly. 
FM is corrosive, but not nearly so much as FS smoke mixture. 
FM weighs 14.5 pounds per gallon. 


Chemical Filling Equipment Mk 1 Type 


Chemical agents and smoke mixtures are generally shipped 
in 55-gallon metal shipping drums. Chemical Filling Equip- 
ment Mk 1 Mod 7 is provided for transferring the liquid 
agent from the drum to the two types of chemical tanks 
used by the Navy, the Mk 10 and the AN-M33A1. This 
equipment consists of a 1-inch diameter flexible metal filling 
hose, a 34-inch diameter flexible metal vent hose, a special 
drainage elbow, and the necessary valves, gaskets, and 
adapters to fill the tanks. 

Using this special filling equipment permits transferring 
the liquid chemical agent from the 55-gallon shipping drum 
to the tank with a minimum exposure of the liquid to the 
atmosphere. The liquid entering the tank displaces the air 
and vapors in the tank; these vapors are then vented back 
into the shipping drum through the vent hose, thus giving 
a closed filling system. 

In addition to the special filling equipment, it is necessary 
to use a scale capable of weighing up to 1,000 pounds or 
more. The best way of filling the tanks is to calculate the 
weight of the number of gallons of mixture desired, add the 
weight of the empty tank, and let the mixture flow into the 
tank until the scale indicates the predetermined weight. A 
supporting stand or bomb skid for holding the tank on the 
scale and a hoist with the necessary accessories for raising 
the shipping drum above the tank are also required. 

Full instructions for the use of Chemical Filling Equip- 
ment Mk 1 Type in filling tanks with either vesicant war 
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gases or smoke mixtures may be found in NavAer Manual 
titled “Chemical Spraying Equipment”. 


Aircraft Chemical Tanks 


The original design of the two aircraft chemical tanks 
currently used by the Navy was developed by the Army 
Chemical Corps. The Army models were adapted for Navy 
use by means of various modifications and these Navy-modi- 
fied versions are now standard equipment for naval activities. 

Both tanks are the gravity flow type and employ breakable 
glass closure disks in the air inlet and discharge lines. The 
lines are opened simultaneously ‘by blowing out the glass 
disks with electric blasting caps which are connected by 
means of an electrical connector to the aircraft’s electrical 
circuit. 

When spraying FS smoke mixture, best results will be 
had by installing a discharge tube restrictor plate just ahead 
of the glass closure disk in the discharge tube of either tank. 
Without the restrictor plates, an excessive amount of FS is 
dischar; ged and the resulting over-dense screen has a tend- 
ency to rise. 

No restrictor plate is required for spraying vesicant gases, 
both tanks having discharge tubes designed for maximum 
effectiveness as issued. 

The tanks are hoisted to and suspended from bomb racks 
and shackles in the same manner as bombs, mines, or other 
military stores. When installed in bomb bays, special dis- 
charge tubes are used which extend beyond the bomb bay 
doors. Before the tank is hoisted to the rack or shackle, a 
“no- voltage” test must be made of the firing circuit; the 
electric detonators are very sensitive and can be exploded at 
a current of 14 ampere and 14 volt. The last operation be- 
fore the plane takes off is the installation of the detonators 
in the air inlet assembly and discharge tube. Either tank 
can be jettisoned if necessary. Detailed instructions in the 
filling and preparation for use of both tanks, as well as 
other pertinent instructions, may be found in NavAer Man- 
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ual titled “Chemical Spraying Equipment.” A general de- 
scription of Navy aircraft chemical tanks follows. 


Aircraft Chemical Tank Mk 10 


The Mk 10 is a modified version of the Army Tank M10 
and will successfully withstand long-term storage, salt spray, 
catapulting, and arrested landing. It is the only Navy tank 
which can be used on carrier aircraft. 

The Mk 10 is streamlined in shape (fig. 7-21), weighs 68 
pounds empty and has a capacity of 33 gallons. To allow 
room for the expansion of the liquid filler, the tank is filled 
with only 32 gallons of chemical agent. The total weight 
of the filled tank depends upon the chemical agent used. 

The tank is 14 inches in diameter and 68 inches long; 
when assembled with its discharge tube the overall length 
is 84 inches. Two suspension lugs, spaced 14 inches apart, 
are provided for suspension from double-hook racks and 
shackles, and a single folding type lug assembly provides 
for single-hook suspension. The forward pin of this folding- 
lug assembly is used for hoisting. The tank is reinforced 
at each lug position. An insulating cover for the tank is 
available for use in freezing weather or high-altitude flying. 

The air inlet assembly is screwed into the upper forward 
end of the tank and consists of an elbow housing the glass 
closure plate, and a funnel through which air enters the 
inlet when the closure plate is broken. The funnel contains 
the detonator retaining screw whick holds the detonator in 
place against the closure plate. The detonator is a commer- 
cial No. 6 blasting cap. The closure plate for the air inlet 
is a disk of %g¢-inch thick flat tempered glass. (See fig. 
7-21.) The tank is filled through the opening for the air 
inlet assembly. 

The discharge tube is screwed into the lower rear of the 
tank proper. It contains the. glass discharge tube closure 
plate, a detonator, and two plastic gaskets which are com- 
pletely resistant to all chemical agents used in this tank and 
which provide a tight seal around the closure plate. The 
detonator is a commercial No. 6 blasting cap, while the 
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Figure 7—21.—Aircraft Chemical Tank Mk 10. 


closure plate is a dish-shaped disk of Pyrex glass and is 
extremely strong. When the discharge closure plate is in- 
stalled, the bulge in the glass (that is, the convex side) must 
FACE OUTWARD TOWARD THE OPEN AIR. 

During storage of a filled tank, both the air inlet and 
discharge tube openings are closed with a metal cover to 
protect the glass closure plates from breakage. Filled tanks 
may be safely stored for at least six months, although care 
is required in handling due to the tank’s thin shell. 
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In spraying, the contents of the tank are released by pass- 
ing a current of electricity from the aircraft circuit through 
the air inlet and discharge tube detonators, which are con- 
nected in series. Closing the circuit explodes the detonators 
and breaks the glass closure plates, thus releasing the chem- 
ical agent. The current of air entering through the inlet 
helps force the liquid agent out through the discharge tube. 
Without a restrictor plate installed, the tank will completely 
discharge in about 6 seconds. 

The gray-painted tank is shipped one to a wooden crate, 
and together with a separate box containing component items 
and except for detonators, is complete for one mission. Extra 
gaskets and closure plates for additional missions may be 
ordered separately. After use, the tank must be cleaned or 
decontaminated immediately and if the empty tank is to be 
stored for any length of time, the inside of the tank should 
be coated with oil. However, this oil coating must be 
thoroughly wiped off prior to refilling. 


Airplane Smoke Tank AN-M33A1 


This is a standardized version of the Army M33 tank. The 
AN-M33A1 has two sets of beads (fig. 7-22) to permit posi- 
tioning of the suspension bands for either 30-inch or 14-inch 
suspension. The tank proper is cylindrical with ogival ends, 
with a diameter of 2114 inches and an overall length (without 
discharge tube) of 6434 inches. The complete tank when 
empty weighs approximately 175 pounds; full weight de- 
pends upon the liquid agent used, although the maximum 
weight, regardless of filler, is about 1,340 pounds. This in- 
cludes the insulating jacket used for high-altitude or cold- 
weather spraying. 

The tank holds 78 gallons, but fillable capacity is 70 gal- 
lons; to allow an 8-gallon or 10-percent void for expansion of 
the chemical agent. Two types of discharge tubes are avail- 
able to permit use of the tank on a number of different model 
aircraft. Unlike the Mk 10 tank, the AN-M33A1 is filled 
through either of two 114-inch filling openings at the upper 
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rear of the tank. These openings are closed by pipe plugs. 
Two baflles inside the tank reduce the sloshing or surging of 
the liquid filler and at the same time strengthen the tank 
structure. 

The air inlet assembly is contained in the discharge tube 
(fig. 7-22) and consists of a tube, a No. 6 electric blasting cap 
and a detonator clip, and the flat glass closure plate with its 
gaskets. An air inlet ice shield is available for use under 
conditions where ice might form on the discharge tube and 
block the air inlet. The ice shield is a light-gage sheet metal 
cover which overlaps the air inlet opening and is held in place 
by two spring clips which also hold the detonator. When the 
ice shield is used, its detonator is connected in series with 
those for the two glass closure plates, and all three detonate 
simultaneously. 

The discharge line M1 is shown in figure 7-22. It contains 
a detonator (a No. 6 electric blasting cap) which is mounted 
adjacent to the dish-shaped Pyrex glass closure plate. The 
closure plate is sealed with two gaskets. 
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Figure 7-22.—Airplane Smoke Tank AN—M33A1. 
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The operation of the tank is similar to the Mk 10 pre- 
viously described. Air inlet and discharge tube closure 
plates (as well as the ice shield, if used) are blown out by the 
detonators. Air entering the air inlet opening vents the 
tank and helps force the liquid agent out the discharge tube, 
although the flow is principally due to gravity. The flow 
rate is approximately 10 gallons per second without a re- 
strictor plate; thus the tank will empty in about 7 seconds. 


STORAGE AND SAFETY PRECAUTIONS 


Liquid chemical agents should be stored in a cool, dry, fire- 
proof storage place which has sufficient ventilation to vent 
any vapors which might collect from a leaking container. 
The deck or floor of the storage place should be made of steel 
or a specially treated, nonabsorbent concrete. Wood or any 
rubberized materials should never be used for flooring. 

Chemical tanks or other containers filled with a liquid 
chemical agent should be placed on racks or stands con- 
structed so that each container, or stand and container to- 
gether, can be readily removed in case of leakage, fire, or 
other emergency. 

Each storage place or magazine should have a set of first 
aid and decontaminating instructions and gas warning signs 
posted in a conspicuous place. First aid and decontaminat- 
ing materials should be kept on hand whenever handling 
chemical agents; detailed procedures for using these mate- 
rials may be found in pertinent NavAer instructions. 

Aboard ship, storage space for filled chemical tanks should 
be located so that leakage would not allow vapors to spread 
through the interior of the vessel. Mechanical ventilation 
of the storage space should exhaust possible fumes directly 
to the weather. If the space involved is topside aft, a rapid 
and safe means of jettisoning the tanks or containers should 
be available. 

The temperature of the storage place should be kept below 
110° F. since the stability of chemical agents is decreased at 
higher temperatures. The loaded tanks should never be 
stored in the direct rays of the sun or near artificial heat, ex- 
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cept during cold weather, when the object is to keep the 
chemical agent from freezing before use. 

Liquip CHEMICAL AGENTS SHOULD NOT BE STORED WITH ANY 
TYPE OF AMMUNITION. If possible, different types of chem- 
ical agents should be stored separately. Vesicants are not 
inflammable and are only slightly corrosive; their chief 
danger is to personnel because of their extremely toxic na- 
ture. Smoke mixtures are extremely corrosive to most metals 
and attack almost all materials, but are not inflammable. 
However, should containers burst in a burning building or 
space, great quantities of smoke will be produced, making 
fire fighting difficult. 

Aboard ship, containers of chemical agents should be in- 
spected daily. Ashore, a weekly inspection is sufficient. 

Only trained, experienced personnel should fill aircraft 
chemical tanks and a competent officer should be in charge 
of the operation. Filling must be done downwind from 
personnel and equipment so that toxic fumes will not be 
blown toward them. Those doing the filling should wear 
the appropriate protective clothing and gas masks, and care 
must be taken that any spilled chemical agent is immediately 
decontaminated. Extreme care must be taken in dismantling 
the filling equipment after use, prior to decontaminating it. 
Great caution must be observed in removing the plug from 
the shipping drum prior to filling, as pressure sometimes 
develops within the drum. 

Before filling, tanks must be carefully inspected to be 
sure they are clean and dry and that they are undamaged. 
Water in vesicants forms corrosive acid and generates gas 
pressure. Any worn or defective parts should be replaced, 
especially defective gaskets; a suitable grease, such as soft 
graphite grease, is recommended for use on gaskets and 
threads of equipment ONLY WHEN USED WITH VESICANTS. 

On the other hand, FS and FM react with explosive vio- 
lence when they come in contact with water or grease. If 
grease has been applied to gaskets and threads, the greased 
surface must be cleaned sufficiently by wiping all exposed 
surfaces with a clean rag or piece of waste. 
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Detonators should not be installed in chemical tanks until 
just prior to takeoff. A no-voltage test of the firing circuit 
should be made before connecting the detonator pigtail. All 
personnel except the man concerned should stand clear of the 
tank while the detonators are being installed and connected. 

These instructions and safety precautions, like others in 
the text, are of necessity only general in scope. Chemical 
agents are extremely hazardous to handle and the careless or 
ill-informed man can endanger the lives of may others. 
Before handling these agents (particularly war gases, should 
the necessity ever arise), the Aviation Ordnanceman is 
strongly advised to thoroughly study NavAer instructions 
and other publications dealing with the subject. 


QUIZ 


2. The Aircraft Parachute Flare Mk 6 and Mods has a light intensity 
Of oon candlepower. 
3. The Aircraft Parachute Flares AN-Mk § and Mods are designed 
primarily for ----__ ----__ operations. 
4, The Photoflash Bomb AN-M46 is used to illuminate an area 
fOr 222s a oe, 
5. In aircraft, signal cartridges are fired from a --__-_--_-. 
6. Distress signals for daytime use produce (1) ---------- while 
those for night use produce a (2) ----______. 
7. Slick markers generally contain ____-_--_- dye to produce a green 
slick on the surface of the water. 
8. Because of the possibility of a hangfire, a signal cartridge should 
not be removed from the pistol or projector for at least 
-. after the last attempt to fire it. 
9. TRUE oR FALSE; A dud Photoflash Bomb AN-M46 should be unfuzed 
and the bomb disassembled immediately upon discovery. 
10. The two aircraft chemical tanks used by the Navy are the 
ake Eten ae and the -_-----___. 
11. To fill these tanks, Chemical Filling Equipment Mk --__ Mod ____ 
is used. 
12. The two smoke mixtures used by the Navy are —_ 
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CHAPTER 





MUNITIONS HANDLING EQUIPMENT 
INTRODUCTION 


Handling munitions is a difficult task for all personnel 
concerned. Moreover, the nature of the material demands 
that prescribed safety precautions be rigidly observed at all 
times regardless of the familiarity and monotony of the 
work. To ease the burden and reduce the danger of the 
munitions handler’s task, many items of special equipment 
have been designed. These items are grouped under the 
general term, MUNITIONS HANDLING EQUIPMENT. 

The handling of aircraft munitions from its arrival, into 
stowage, and through the assembly and stowage areas, varies 
little whether afloat or ashore. The mechanical equipment 
used to handle aircraft munitions afloat and ashore is often 
identical. On the other hand, differences in stowage accom- 
modations, fixed installations, working areas, and space 
allowances sometimes require munitions handling equipment 
and techniques specially designed for the job. The number 
of such items is extremely large; however, the equipment 
covered in this chapter meets the primary requirements of 
most operating units, ashore or afloat. 


BOMB CARRIERS 


Bomb carriers provide a quick and safe means of attaching 
a crane cable or other hoisting device to a bomb for con- 
veyance from one area to another. Bomb carriers have been 
designed for carrying crated bombs as well as uncrated 
bombs. Some carriers are designed for horizontal lifting 
(lifting the bomb in a horizontal position), while others may 


284 


be used for both horizontal lifting and vertical lifting. 
Carriers of the latter type are equipped with two lifting lugs. 

The capacity of each carrier is plainly marked thereon and 
ranges from 1,000 pounds to 4,000 pounds. You should never 
exceed the given capacity of any bomb carrier, and always 
be careful to select the proper carrier for the job. 


Bomb Carrier Mk 3 Mod 1 


The Bomb Carrier Mk 3 Mod 1 is used to lift and carry 
crated bombs weighing up to 1,000 pounds. It has a center 
lifting eye bolted between a pair of side plates separated. by 
spacers. Double-pronged carrying hooks are hinged to the 
ends of the plates. These hooks catch the end rims of the 
crated bombs and may be adjusted for bombs of various 
lengths. Slings may be attached to the hooks for suspending 
uncrated bombs. 


Bomb Carrier Mk 4 


The Bomb Carrier Mk 4 is used to lift and carry uncrated 
bombs weighing up to 2,000 pounds. The center lifting eye 
is bolted between a pair of side plates, having a rigid hook 
at each end. These hooks, spaced 14 inches center to center, 





Figure 8—1.—Bomb Carrier Mk 4. 
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slide into the suspension lugs of the bomb. A spring-loaded 
latch prevents one hook from slipping out of the bomb lug, 
and holds the bomb in place until pressure on the upper 
extension releases the latch. A pin is also provided to pre- 
vent the latch from being accidentally opened. 


Bomb Carrier Mk 6 


The Bomb Carrier Mk 6 is a beam used to lift and carry 
bombs that have suspension lugs spaced 14 inches center to 
center. The capacity of the carrier is 1,600 pounds. One 
end of the beam is bent at a 30° angle to conform to the shape 
of the nose end of the bombs. 





Figure 8—2.—Bomb Carrier Mk 6. 


Riveted between the side plates of the carrier are two 
carrying hooks, 14 inches apart, and two lifting eyes. The 
center lifting eye is halfway between the carrying hooks 
and is used for horizontal lifting. The second lifting eye 
is at the bent end of the shackle and is used for vertical 
lifting. 

The Mk 6, like the Mk 4. is equipped with a spring-loaded 
latch and safety pin. 
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Bomb Carrier Mk 7 and Mk 8 


The Bomb Carrier Mk 7 is used to lift and carry bombs 
that have suspension lugs spaced 30 inches center to center. 
The capacity of the carrier is 4,000 pounds. Two rigid 
carrying hooks are riveted 30 inches apart between two chan- 
nels placed back to back. The center lifting lug. for horizon- 
tal lifting, is riveted midway between the hooks. For 
vertical carrying, the shackle end of the carrier is bent 30° 
to conform to the shape of the nose end of the bombs to be 
carried. A spring-retained latch is also provided. 

The Bomb Carrier Mk 8 is identical to the Mk 7 except 
that the Mk 8 is not equipped for vertical carrying. Both 
carriers are provided with a spring-loaded latch and safety 
pin. 

Bomb Carrier Mk 9 

The Bomb Carrier Mk 9 is used to lift and carry uncrated 
bombs equipped with suspension lugs spaced 14 inches be- 
tween centers. It hasa capacity of 1.600 pounds. The Mk 9 
is similar to the Mk 4 but is arched in the center. This pro- 
vides clearance in the middle of the beam for. installing a 
trunnion band while the carrier is in place on the bomb. A 
spring-retained latch and safety pin are provided as on other 
rigid hook carriers. 


BOMB AND TORPEDO SKIDS 


Bomb and torpedo skids are used in transporting all types 





Figure 8—3.—Bomb Skid Mk 1 Mod 1. 
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Figure 8—4.—Bomb Skid Mk 1 Mod 1 fitted with Adapter Mk 3. 


of munitions from the magazines to the aircraft. Although 
most skids are designed for carrying a single bomb or tor- 
pedo, adapters which may be fitted to the skid make possible 
the transporting of almost any type of load. Figure 8-3 
shows Bomb Skid MK 1 Mod 1, designed for carrying a single 
1,000-pound bomb. Figure 8-4 shows the same skid outfitted 
with the Mk 3 adapter for carrying eight aircraft rockets. 
Bomb and torpedo skids may be divided into two groups, 
those with wheels and those without wheels. Skids with 
wheels are rolled directly under the airplane, at which point 
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Figure 8—5.—Bomb Skid Mk 1 Mod 1 and associated hoisting equipment. 
288 





Figure 8—6.—Bomb and Torpedo Skid Mk 3 carried by Bomb and Torpedo Truck 
Mk 3. 


heavy loads (bombs and torpedoes) are usually hoisted to the 
bomb racks or shackles by means of a portable bomb hoist, as 
shown in figure 8-5. Skids without wheels are used in con- 
junction with a bomb and torpedo truck as shown in figure 
8-6. 


Bomb Skid Mk 1 Mod 1 


The Bomb Skid Mk 1 Mod 1 is a wheelbarrow-type skid 
for use aboard ship and at shore stations. It consists of a 
welded steel frame with two rubber-capped wheels and two 
legs aft of the center of gravity. The wheels may be re- 
moved and replaced by a track-laying attachment consisting 
of two Mk 1 track-laying wheels, an axle, and two brackets 
for mounting the attachment to the skid. This attachment 
is designed to allow a loaded skid to be moved over mud, 
sand, or soft or rough ground, where wheeled equipment 
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cannot be operated effectively. The Mk 1 Mod 2 skid comes 
equipped with the track-laying attachment (see fig. 8-7). 

A single 1,000-pound bomb should be loaded with the nose 
of the bomb aft to permit easier handling of the skid. The 
bomb should be clamped tightly to the skid by means of the 
hold-down strap. 

The wheels are braked by means of two brake shoes which 
are applied to the wheels when the aft end of the skid makes 
contact with the deck. 

Marntenance.—Lubricate the wheel bearings when nec- 
essary with a medium-weight bearing grease. Alemite fit- 
tings are provided on each wheel for this purpose, and re- 
quire the use of a regular alemite grease gun. 

If the brakes do not set properly, tighten the adjusting 
bolts until the brakes will set when the skid is resting on 
the deck. 





Figure 8—7.—Bomb Skid Mk 1 Mod 2. 


Apaprers ror Bomp SKip Mx 1.—The following adapters 
may be fitted to the Mk 1 skid for transporting various types 
of loads as shown: 

Adapter Mk 1—Three 100-pound bombs. 

Adapter Mk 2—Eight 3.5-inch diameter rockets, 

Adapter Mk 3—Eight 5.0-inch diameter rockets. 

Adapter Mk 4—Six 100-pound bombs or 16 ammunition 
cans. 
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Bomb and Torpedo Skid Mk 3 


The Mk 3 skid is a simple welded steel stand for support- 
ing bombs or torpedoes during handling operations. The 
skid may be carried and lifted by means of a bomb and tor- 
pedo truck. Capacity of the skid is 2,000 pounds. 

When lifting the loaded skid with a bomb and torpedo 
truck, and additional height is needed, stack one skid on 
top of another, with the tubular sides of the two skids par- 
allel. Lash the torpedo or bomb and the two skids together 
to insure stability. 

The Mk 3 skid is commonly used in torpedo workshops 
as it forms an excellent torpedo stand upon which a torpedo 
may be held in a ready condition, or upon which a torpedo 
may be kept while being repaired. 


Bomb and Torpedo Skid Mk 5 Mod 1 


The Bomb and Torpedo Skid Mk 5 Mod 1 is a four-wheel, 
cradle-type skid capable of supporting any bomb or torpedo 
in common use up to a maximum weight of 2,500 pounds and 
a maximum diameter of 24 inches. The skid is maneuvered 
by means of a loop-type tow handle at the forward end of 
the skid. 

The two front wheels may be locked, to prevent free 
swiveling, by means of the caster lock. To free the caster 
wheels, permitting the skid to be turned, the caster locks 
should be raised. When the resting shoes of the extension 
leg are resting on the deck, the rear wheels are braked. 
Lifting the extension legs approximately 2 inches raises the 
brake shoes from the rear wheels, thus permitting the skid 
to be moved. 

When the loaded skid is placed on a ship’s elevator or in 
any other position where an extended tow handle would be 
an obstruction, the tow handle may be swung up to 2 vertical 
position by releasing the handle latches. The extension legs 
remain resting on the deck, leaving the skid in a braked 
condition. ; 

Maintenance of the Mk 5 Mod 1 is the same as for the 
Mk 1 Mod 1. 
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Figure 8—8.—Bomb and Torpedo Skid Mk 5 Mod 1. 


Bomb Skid Mk 8 


The Mk 8 is a wheelbarrow-type skid designed for han- 
dling loads up to 2,500 pounds on hard surfaces. The major 
components of the skid are the frame, wheels, brake mech- 
anism, chain hold-downs, and handles. 

The two demountable handles may be attached to either 
end of the skid. This permits the loaded skid to be maneu- 
vered onto an elevator from one direction and off the same 
elevator from the opposite direction. When the handles are 
inserted, they latch automatically in place. The handles 
are removed by releasing the latches which are located at 
the operator’s end of the handles. 

The automatic brakes are identical to those on the Mk 1 
skid, but a cam-locking parking brake is also provided. This 
isa safety brake designed to keep a parked skid from getting 
away in rough weather or when the aircraft carrier is 
maneuvering. 
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Marntenance.—There are four alemite grease fittings on 
the skid, one on each wheel hub, and one on each of the floor 
brake arm bearings. 

The clearance between the brake shoes and their respective 
wheels should be kept at approximately 142 inch for maxi- 
mum efficiency. To adjust the brakes proceed as follows: 
Suspend the aft end of the skid so that the floor brake legs 
are free from the deck. Loosen the floor brake adjusting 
nuts and the parking brake adjusting nut. Adjust each floor 
brake rod so that the clearance between the brake shoe and 
wheel is 14, inch. Tighten the floor brake adjusting nuts, 
then adjust the parking brake rod so that the parking brake 
rod spring has no slack remaining. Tighten the parking 
brake adjusting nut. 


Bomb Skid Aero 12B 


A new series of handling equipment is the Aero 12B Bomb 
Skid and associated adapters, Aero 8B and Aero 9B. 

Outstanding improvements include bigger wheels, new 
rubber compound for the tires, new tire tread, lighter 
weight, and a reduction in storage space required. 

The new tire tread is nondirectional. Regardless of the 
angle at which the bomb skid wheels hit an arresting gear 
cable, or similar deck obstacle, they ride over with ease. 

All operating parts of the bomb skid such as wheels, brake 
mechanism, handles, chocks, and hold-downs are completely 
interchangeable. Handles may be latched on to either end 
of the skid, the latch control being located at the operator’s 
end of the handles. Thus the operator, after loading the 
skid on the ship’s elevator, does not have to enter the elevator 
to unlatch and release the handles. The skid is capable 
of transporting any store up to 1,000 pounds, from the am- 
munition room, up through any combination of upper and 
lower stage elevators, on any aircraft carrier. © It is 33 pounds 
lighter in weight than the Mk 1 skid. 

A description of the associated adapters for the Aero 12B 
follows. 

Aero 8B Boms Sxip Apaprer.—The adapter is a frame 
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upon which are mounted adjustable supporting stumps de- 
signed to handle six of any type rocket from 2.75 to 5 inches 
in diameter. No loose or interchangeable parts are required 
to accommodate the various diameter rockets. 

Aero 9B Boms Sxip Apaprer.—This adapter is a collap- 
sible box, the sides and ends of which are attached to the 
base of the adapter with piano type hinges. When assem- 
bled and ready for transporting stores and miscellaneous 
equipment, the sides and ends of the adapter are held in posi- 
tion with four simple bolts. The adapter is capable of trans- 
porting practice rockets, rocket heads, rocket motors, belted 
ammunition, ammunition cans, and any packaged pyrotech- 
nics up to its 1,000-pound capacity. In its collapsed posi- 
tion, the adapter can be hung on a bulkhead or stacked on 
the deck. 


PORTABLE BOMB HOISTS 
Bomb Hoist Mk 8 


The Portable Bomb Hoist Mk 8 is a crank-operated, single 
cable device for manually hoisting a bomb or torpedo into 
position for attaching to a bomb rack or shackle. The hoist 
weighs approximately 50 pounds and is capable of lifting 
2,240 pounds to a height of 120 inches. Heavier loads may 
be lifted by using two hoists. 

The hoist consists of four main subassemblies: (1) the 
brake and crank group, by means of which power is applied 
and the load prevented from lowering itself; (2) the gear 
train group, by means of which the force applied to the crank 
is multiplied, enabling one man to lift the heavy load; (3) 
the drum and cable group; and (4) the extension tube group, 
by means of which the load may be raised to a height above 
that of the operator. 

The brake and crank group, gear train group, and drum 
and cable group are assembled in a housing which has a spade 
grip handle for supporting and steadying the hoist. A 
woven strap having a snaphook at each end is also provided. 
This strap may be used instead of the spade grip handle for 
supporting the hoist in use, thus freeing both hands for turn- 
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ing the cranks. When very heavy bombs are being loaded 
the operator may hold the hoist down by putting his foot in 
the loop in the strap. 

One end of the extension tube fits into a slotted cylindrical 
opening in the housing while the outer end of the tube 
carries the pulley, pulley trunnions, and swivel clevis. 

The extension tube is held tightly in place within the 
housing by the clamp screw (see fig. 8-9). By loosening the 
clamp screw, the extension tube may be rotated 90° in either 
direction from normal mid-position. This allows a more 
flexible use of the hoist in the restricted working space that 
is encountered in loading some airplanes. 





Figure 8—9.—Portable Bomb Hoist Mk 8. 


The pulley trunnions and swivel clevis provide means of 
attaching the hoist to the airplane. The pulley trunnions 
engage a hoist fitting which is provided on the sides of 
certain bomb racks, such as the Mk 51 type. When the 
swivel clevis is used it is bolted to an attachment on the 
airplane structure. The swivel clevis permits the hoist to 
be swung into almost any position for ease of cranking.. 


Operation of Bomb Hoist Mk 8 


Horstine a Loav.—To hoist a load turn either right-hand 
or left-hand crank clockwise. For heavy loads use both 
cranks. If cranking must be interrupted before the bomb has 
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Figure 8—10.—Minimum safe distance between cable terminal and pulley. 


been secured in place, the brake will hold it suspended until 
cranking is resumed. 

Lowerineé A LoAD.—Set the release lever on the left-hand 
crank in neutral or released position and turn the right-hand 
crank counterclockwise. The turning of the crank releases 
the brake, permitting the load to descend of its own weight. 
Should the speed become too great, it can be slowed or stopped 
by slowing down or stopping the crank. 
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Sarery prECAuTIONS—When approaching the “two- 
blocked” position (all the way up), take care that the cable 
terminal does not ride up onto the pulley (see fig. 8-10). If 
this happens the cable terminal will damage the cable at the 
point where it enters the terminal, thus causing cable failure. 

Never cock the pulley at such an angle that the hoist 
cable is caught between the pulley guide and pulley (see fig. 
8-11). If this is done the pulley housing, cable, and pulley 
will all be damaged and the cable may be broken. 

When a bomb is “two-blocked” into position never crank 
even a small part of an extra turn. If this is done the stress 
on the cable assembly is greatly increased, causing weakening 
or breakage. 





Figure 8—11.—Cocked pulley. 
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Digitized t Google 


Never stand (or allow others to stand) under a load while 
hoisting or lowering. 

Maintain tension on the cable at all times when paying 
out or reeling in with no load attached. (This is especially 
important since the cable may kink or ride off the drum.) 

Always put the left-hand crank in neutral when lowering 
aload. If this is not done the left-hand crank will windmill. 

Watch the cable at all times to see that it is seating properly 
on the drum and that there is no slack cable behind the pres- 
sure roller. 


Bomb Hoist Aero 13B 


The Bomb Hoist Aero 13B is a crank-operated, single- 
cable hoisting device resembling the Mk 8 in appearance, op- 
eration, and function. The principal new features are: (1) 
a safety. overload device, and (2) a quick-reel in and free- 
reel out mechanism. 

On each crank a safety overload device is provided which 
is set at the factory to slip at a 3,000-pound load. The crank 
handles are equipped with a spring-loaded slipping cam pin, 
and‘are so arranged that the manual effort will pass directly 
through these pins to the hoist drum. When attempting to 
lift a load in excess of 3,000 pounds with one crank, the pin 
will be dislodged from its provided recess, the handle will 
slip, and the crank will rotate until the pin is allowed to 
reenter its original position. This slipping is an indication 
that the hoist is being subjected to a load in excess of its 
capacity. 

In the hub of the left-hand crank isa drum pin. This pin 
is used onLY when you wish to quick-reel in cable under no 
load. Engaging this pin places the left-hand crank in a 
one to one ratio with the drum. To quick-reel in cable with 
no load, pull the free-reel handle to the complete our posi- 
tion. Place the left-hand crank ratchet lever in neutral. 
Turn and push the drum pin to full engagement. Rotate 
the left-hand crank counterclockwise to reel in cable. 

To free-reel out cable pull the free-reel handle to the com- 
plete our position. Pull the drum pin out and turn. Cable 
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is then payed out by applying tension (do not jerk) to the 
free end of the cable. 
Caution: Free-reeling must be used only under no load. 
Other than the above described features, the Aero 13B hoist 
is identical to the Mk 8 in operation and function. 


Electric Bomb Hoist Aero 11A 


The Bomb Hoist Aero 11A is supplied as a twin unit, pri- 
marily used for bomb loads, and as a single unit for other 
loads. Each model can be operated either manually or elec- 
trically. In the twin unit either motor or both motors can be 
operated for hoisting or lowering, but the two motors cannot 
be operated in opposite directions at the same time. The 
maximum lift for a twin unit is 2,240 pounds and for a single 
unit 1,120 pounds. 

The complete hoist assembly consists of four subassemblies, 
designated as power unit, hoist mechanism, base plate, and 
handcrank. 

The power unit is made up of the electric motor and hous- 
ing, motor planetary gear train and housing, solenoid and 
solenoid housing, remote contro] hand unit and power cable. 
The electric motor manufactured by Lamb Electric Com- 
pany, is a 24-volt, direct-current, two-pole, compound-wound 
reversible motor, rated one horsepower at 7,000 r. p. m. 

The hoist mechanism subassembly is made up of the drum 
assembly, cable roller assembly, hoist housing cover assembly, 
hoist housing assembly, brake mechanism, drive shaft, and 
a housing. 

The base plate is a heavy aluminum alloy plate, properly 
drilled to locate the hoist units. 

The handcrank is used where there is no power supply 
available, or in the case of power failure. The hub of the 
handcrank is splined to fit on the end of the drive shaft. 

OpzraTING INSTRUCTIONS.—Connect the power cable to the 
power supply and solenoid power line connections. Connect 
the control cable so that the white button controls the hoist 
with the white safety hook; and the black button controls 
the hoist with the black safety hook. 
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Hoistine.—Placing the toggle switch in the hand control 
unit in the up position is the initial step. 

Depressing either pushbutton switch in the hand contrel 
permits current to flow into the hand control switch, thus 
energizing the solenoid coil. 

Energizing the solenoid coil causes the plunger to close 
the solenoid switch contacts, and energize the motor to pro- 
duce hoist action. 

Lowertne.—Placing the toggle switch in the hand control 
unit in the pown position is the first step. 

Depressing either pushbutton switch produces an action 
similar to that described above, except that the opposite coil 
in the solenoid is energized, closing the other set of switch 
contacts, which reverses the polarity of the motor and pro- 
duces the lowering action. 

Manuva operation.—For manual operation of the hoist, 
remove the motor unit and install the handcrank. 


HOISTING BANDS AND SLINGS 


Hoisting bands and slings are used for lifting bombs and 
torpedoes in conjunction with other hoisting equipment. 
Each band or sling is specially designed for lifting certain 
sizes and types of bombs or torpedoes into position for attach- 
ment to the bomb racks or shackles. 

The terms “band” and “sling” are sometimes used inter- 
changeably, but as a general rule, items made of stranded 
cable are designated as slings while those made of solid metal 
bands are designated as bands. 

The most commonly used bands and slings are described 
in this section. 


Torpedo Hoisting Band Mk 1 Mod 2 


The Torpedo Hoisting Band Mk 1 is a double-sectioned 
circular steel strap used in hoisting aircraft torpedoes. The 
sections are fastened together by a takeup bolt and nut at 
one end and by two clip rivets and locking slots at the other 
end. Two clevises with hoisting brackets are provided. 

The band is placed around the torpedo with the hoisting 
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Figure 8—12.—Torpedo Hoisting Band Mk 1. 


brackets on each side. After the takeup nut is tightened, 
the torpedo is hoisted into position by two bomb hoists. The 
band is removed by unscrewing the takeup nut and separating 
the band at the locking slots. Capacity of the band is one 
2,200-pound torpedo. 


Universal Hoisting Band Mk 8 


The Universal Hoisting Band Mk 8 is an adjustable as- 
sembly of steel straps and connecting plates used to hoist 
bombs and torpedoes. 

Each Mk 8 outfit consists of one hoisting plate with takeup 
mechanism ; one takeup plate; two hoisting-plate assemblies; 
and four 6-foot lengths and four 2-foot lengths of perforated 
steel straps (32 feet). The assembly is converted into a 
double-band assembly by combining takeup and hoisting 
plates with the proper straps and connecter fittings. The 
double-band assembly is used to hoist bombs, torpedoes, and 
mines ranging in diameter from 8 to 48 inches. 

One Mk 8 assembly should normally be kept ready for use 
with each diameter of bomb regularly handled. It need not 
be completely disassembled when removed from the bomb. 

The Mk 8 provides two basic methods of hoisting: (1) by 
single or double cable for suspension from a bomb rack; 
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and (2) by single or double cable for suspension from a bomb 
shackle. The capacity for double-cable hoisting is 4,000 
pounds. Figure 8-5 shows the Mk 8 being used in double- 
cable hoisting of a 500-pound GP bomb. 


Hoisting Sling Mk 19 


The Mk 19 is used for single-cable hoisting of the 500- 
pound GP Bombs AN-M64, AN-M64A1, and other bombs 
of comparable size. It is installed by passing the removable 
end of the cable around the bomb and securing it to the sling- 
plate fitting with the snap-on clevis pin. If the sling is slack 
on the bomb, the adjustment nut may be used to take up the 
slack. No more than finger tightness is required. 


Hoisting Sling Mk 21 Mod 0 


The Mk 21 sling is used for single-cable hoisting (either 
bomb rack or shackle suspension) of all bombs having diam- 
eter variations from 11.8 inches to 18.8 inches. The adjust- 
ment of the sling to suit the diameter of the bomb is accom- 
plished by selecting the proper combinations of ball fittings 
to give the approximate required diameter and then clamp- 
ing the sling firmly around the bomb by means of the takeup 
bolt and nut. When hoisting to bomb racks, the takeup nut 
must be tightened very snugly. 


Hoisting Sling Aero 35A 


The Aero 35A sling is used for single or double-cable hoist- 
ing of bombs up to 2,500 pounds. The sling consists of two 
chains and a hoisting plate. The chains are placed around 
the bomb and attached to the hoisting plate. This sling may 
be adjusted to a maximum diameter of 24 inches. 


Hoisting Sling Mk 22 


The Mk 22 sling is used for double-cable hoisting of all 
bombs having diameters between 10.8 inches and 18.8 inches. 
The sling is installed and removed in the same manner as the 
Sling Mk 16. The diameter of the sling is adjusted by plac- 
ing the appropriate swaged ball fitting into the connecting 
link. 
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BOMB AND TORPEDO TRUCKS 


All the bomb and torpedo trucks except the Mk 5 have 
been designed to transport and lift certain loaded skids. 
Those trucks designed to carry loaded skids may be divided 
into two groups, namely “high-lift” and “low-lift” type. 
A “low-lift” truck provides a method of transporting a 
loaded skid; whereas, the “high-lift” truck, in addition to 
being used to transport a loaded skid, may be used to lift the 
loaded skid to the bomb rack or shackle. The Mk 5 (dis- 
cussed later) is designed for transporting and lifting a sin- 
gle torpedo without the use of a skid (fig. 8-13). 


Bomb and Torpedo Truck Mk 2 Mod 2 


The Mk 2 Mod 2 truck is a four-wheel, “high-lift” type, 
designed to lift and transport the Mks 1, 3, and 5 bomb and 
torpedo skids with their bomb or torpedo loads. It has a 
weight-carrying capacity of 2,500 pounds. 

A handle-operated hydraulic pump controls the truck’s 
lifting mechanism. The lift brackets may be raised 48 inches. 
They may be tilted forward or aft by means of the hand- 
wheel located on the left side of the truck. The tilting mech- 
anism helps to line up the bomb or torpedo with the bomb 
rack when loading with a skid. 

Poor operation of the hydraulic lift system may be due 
to loose or worn packing. To remedy such a malfunction, 
tighten the packing nut on the forward end of the lift cylin- 
der and the three screws holding the packing gland on the 
pump plunger. Remove the plug on the pump box, fill with 
medium weight oil, and return the plug. 

There are eight alemite-type fittings provided on the truck 
for lubrication. When necessary, lubricate these fittings by 
means of a grease gun and a mediun-weight grease. 


Bomb and Torpedo Truck Mk 3 


The Bomb and Torpedo Truck Mk 3 is a “low-lift” type 
truck having a load capacity of 2,500 pounds. A handle- 
operated hydraulic pump operates the lifting, mechanism 
which raises the lift brackets and a typical load, such as the 
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Mk 3 Bomb Skid and a bomb or torpedo, about 2 inches. 
The truck is steered and pulled by means of a steering han- 
dle with a crossbar. It is braked by means of a brake handle 
at the crossbar of the steering handle. Maintenance of the 
Mk 3 truck is similar to that described for the Mk 2. 


Bomb and Torpedo Truck Mk 5 Mod 2 


One of the best torpedo handlers for shipboard.work is the 
Bomb and Torpedo Truck Mk 5 Mod 2, as illustrated in figure 
8-13. It is a cradle-bed type of 2,500 pound capacity, ‘pri- 
marily designed to support and carry a torpedo of the Mk 
13 type. To aid in attaching the torpedo to the airplane, 
it is provided with 2 hydraulic jacks which are used to raise 
the front end of the truck. 








Figure 8—13.—Bomb and Torpedo Truck Mk 5. 


The truck is moved and steered by a loop handle or draw- 
bar attached to the center-pivoted front axle. Chain hold- 
downs are provided to retain the torpedo in place. Foot- 
operated brakes are provided. Maintenance of the Mk 5 
Mod 2 is similar to that for the Mk 2. 


BOMB TRAILERS 


At shore bases where the terrain is not too muddy or sandy, 
bomb trailers may be used in place of skids or trucks to trans- 
port bombs or torpedoes. Trailers are usually towed in 
train by means of a bomb service truck or tractor. In some 
cases the trailer may be rolled right under the airplane, from 
which point the bombs are hoisted to bomb racks or shackles. 
In cases where the airplane is too low, the bomb or torpedo 
must be switched to a skid and/or truck and thus rolled 
under the airplane. 
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Bomb Trailer Mk 2 and Mods 


The Mk 2 is a low-slung, heavy type trailer with a central 
cradle for bombs up to and including the 2,000-pound type. 
Bombs are held in the cradle by a load-binder chain and ec- 
centric tightener. The Mk 2 has small wheels and is used to 
position bombs under airplanes when there is little space 
between the fuselage and the ground. 


Bomb Trailer Mk 3 


The Mk 3 bomb trailer is a four-wheel, pneumatic-tired 
trailer with pivot-type ammunition cradles. The trailer may 
carry any one of the following loads: 

Four 500-pound bombs. 

Four 1,000-pound bombs. 

Two 2,000-pound bombs. 

One 4,000-pound bomb. 

One aircraft torpedo. 

The trailer has a fold-back drawbar with a coupling eye. 
A pintle hook is mounted on the rear frame. As many as 
four of these trailers may be moved in train by the Mk 2 
bomb service truck. 

The eight inboard, load-carrying cradles pivot outward 
to form a single cradle in the center for a torpedo or a 4,000- 
pound bomb. They pivot inward to form, with the outer 
brackets, two parallel cradles for two to four bombs. 

Bombs or torpedoes are held in place by an adjustable 
load binder and chain assembly tightened by a lever. Four 
load binders may be installed on a trailer. Binders that are 
not in use are carried in the tool box. 

Caution: Never permit the chains on these trailers to be 
slack. A loose chain may strike the ground and cause sparks. 

The tool and fuze box mounted on the underside of the 
frame contains all required maintenance tools. A battery 
box mounted forward within the frame carries a battery for 
emergency operation of the Warner electric brakes on the 
rear wheels of the trailer. A hand lever operates the park- 
ing brakes. 

Other equipment includes a blackout tail and stop light, 
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a blackout switch, an electric lantern, and a push-pull switch 
to cut out the individual tail and stop light when the trailer 
isnot at the end of the train. 


MISCELLANEOUS HANDLING EQUIPMENT 
Cranes and Fork Trucks 


After bombs have been delivered to a magazine, one of 
the best devices for use in stowing them is the electric mag- 
azine crane truck, TLN-2, shown in figure 8-14. This is an 
industrial truck equipped with a 60-inch boom capable of 
swinging through a 60° are on each side of the centerline 
of the truck. The boom has a 1-ton lifting capacity and 
has an overall lifting height of 117 inches from hook to deck. 
It is powered by a 16-cell, 450-ampere-hour, lead-acid bat- 
tery. The truck is used for handling bombs in high-explo- 
sive magazines and railroad boxcars. 





Figure 8—14,—Electric magazine crane truck. 
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The electric magazine crane truck is transported from the 
battery-charging house to the magazines in a low-bed ma- 
chinery trailer. Batteries may be changed in the field by 
use of the movable chain fall on the Mk 2 bomb service 
truck. The bomb-lifting hooks then serve to lift the battery. 






ELECTRIC FORK TRUCK 6000 POUND 


ELECTRIC FORK TRUCK 4000 POUND 


—— 


Figure 8—15.—Electric telescopic fork truck. 
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Another vehicle used in the handling of bombs is the fork 
truck shown in figure 8-15. This two-ton electric fork 
truck, when equipped with a non-slewing, telescopic boom 
attachment (in lieu of the forks), may be used for handling 
bombs up to one ton capacity. The overall lifting height of 
the truck is 120 inches. It is of spark-enclosed construction 
and is equipped with a 16-cell, 450-ampere-hour, lead-acid 
battery. This truck when equipped with forks is capable of 
handling pallets up to a maxinium of 48 inches square. 


Bomb Service Truck Mk 2 


The Bomb Service Truck Mk 2, a 114-ton 4 x 4 Ford truck, 
is used to load or tow bomb trailers. For towing, a pintle 
hook (Type T-100) is attached to the rear cross-member of 
the truck. Warner electric brake control equipment on 
the truck gives the operator control of the brakes on the towed 
bomb trailers. 
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For loading, the truck has a movable chain hoist, a fixed 
overhead winch, and a monorail beam. The chain hoist is 
manually operated and has a capacity of 11% tons. The 
winch, mounted on top of the forward end of the beam, has 
a capacity of 4,000 pounds. 


Bomb Service Truck Mk 2 Mod 1 


The Mk 2 Mod 1 is similar to the Mk 1 except that it is 
equipped with dual rear wheels and a power-driven, front- 
mounted winch. The winch is used for pulling, and has a 
load capacity of 10,000 pounds. The winch driveshaft has a 
SPECIAL SHEAR PIN to protect the truck chassis frame and the 
wire rope. NEVER SUBSTITUTE SHEAR PINS WITH RIVETS, BOLTS 
or pins which may not shear in time to prevent injury to 
personnel or damage to the vehicle. 


Floodlight Trailer 


The “SPEN” portable lighting unit (shown in fig. 8-16) 
is used to provide proper lighting during night operations. 
It is a spring-mounted, 2-wheel trailer. The drawbar has a 
retractable drop-leg with a pneumatic-tired wheel to main- 
tain the unit in a level position and provide mobility when 
the trailer is removed from the towing vehicle. A handbrake 
holds the trailer in position when it is not attached to a tow 
vehicle. 

The trailer carries a 4-cycle, 7.8 horsepower, air-cooled 
gasoline engine directly coupled to a 3-kilowatt, 110-volt, 60- 
cycle, 27.5-ampere generator, 2 control panel, 5 floodlights, 3 
reels (each having 100 feet of cable), 3 tripods and 2 tele- 
scoping standards. The 3 floodlights mounted toward the 
rear of the trailer are removable and can be mounted on tri- 
pods, provided for that purpose, at any distance up to 100 feet 
from the trailer. The 2 remaining floodlights can be raised 
to any desired height up to 8 feet. The lights can be rotated 
360°, and locked in any position. Each floodlight contains a 
250-watt lamp. 
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The following safety precautions should be observed when 
operating the unit: 

Never operate the unit in a closed space unless provisions 
have been made to discharge the exhaust gases outside. 

Never operate the unit in a magazine. 

Never operate the unit within 50 feet of an aircraft or a 
LOADED magazine. — 





Figure 8—16.—SPEN portable lighting unit. 


Before starting the unit, check carefully to see that it is 
clean, that there are no oil or gasoline leaks, that oil is at 
proper level, that there are no loose parts and that no tools 
or other objects are‘on the unit which might interfere with its 
operation. 


309 


10. 


QUIZ 


. Some bomb carriers are designed for --------- lifting, while others 
‘are: for 2-25-2--=-. lifting. 
. Bomb skids may be divided into __-------_ groups. 


. Bomb skids without wheels are usually used in conjunction with 


. What is the purpose of bomb skid adapters? 
. What are the two most important improvements in the Mk 8 bomb 


skid over the Mk 1 and Mk 5? 


. What two methods are used for lifting bombs and torpedoes to the 


bomb racks or shackles? 


. What is meant by the term “two-blocked” in hoisting? 
. What precaution should be taken when approaching the “two- 


blocked” position? 


. The Mk 8 bomb hoist is attached to the airplane by either the 


neon S or the -_-_._-__.. 


What advantage has the Mk 3 bomb trailer over skids and trucks 
for transporting bombs and torpedoes? 


> 
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APPENDIX | 


ANSWERS TO QUIZZES 
CHAPTER 1 


INTRODUCTION TO AVIATION ORDNANCE 


. Ordnance and armament equipment. 

. Carrier air group. 

. A group of patrol squadrons under one tactical commander. 

. Administration, Operations, Maintenance, Material, and Gunnery 


(or Ordnance). 


. Fleet aircraft service squadron. 


Carrier and patrol. 
Operations. 
Air. 


. Ordnance and Aeronautics. 

. Index of Ordnance Publications. 
11. 
2. BuOrd Section. 

. Stub Requisition. 

. Ammunition Stock Recording System, 


Naval Aeronautic Publications Index. 


CHAPTER 2 
EXPLOSIVES 


. Chemical change (or rate of detonation). 
. Propellant or-low explosive. 
. Black powder. 


“An ether alcohol colloid of nitrocellulose.” 


. Fulminate of mercury and lead azide. 


High-order. 
Toluol (or toluene). 


. Soap or other alkaline substances. 

. Explosive D (or ammonium picrate). 
. Booster. 

11. 


HBX-1. 
CHAPTER 3 


BOMBS AND MINES 


. General purpose (GP), armor-piercing (AP), semi-armor piercing 


(SAP), depth, and fragmentation. 


. Weight of explosive to total weight of the bomb. 


3it 


OCKODABDAP w 


10. 
11. 
12. 
13. 
14. 
15. 


SLMNAeTAwWHE 


ae 


11. 
12. 
13. 
14. 


APR Oye 


50. 


. 830 inches. 
. Tail only. 
. Olive drab. 


To reduce ricochetting. 


. Parachutes. 
. Gas, smoke, or incendiary. 


Drifting, moored, and ground. 

Ground. 

Parachutes. 

Hydrostatic pressure (water pressure). 
Magnetic, acoustic, and pressure. 
Moisture. 


CHAPTER 4 
BOMB FUZES 


. Arming vane and arming pin. 
. Arming wire. 


0.1. 


. Water-discriminating. 


5 to 92. 


. Ring and bar. 


Non-delay, 0.01, 0.025, 0.1, and 0.24. 


. M115. 
. One to 144 hours. 
. False. First, the aircraft should never return the bombs to 


the ship. Second, if they were returned, NO ATTEMPT MUST BE 
MADE TO REMOVE THE FUZE8. The bombs should be lowered over 
the side and dropped into deep water, or otherwise disposed of. 

Armor-piercing. 

Air travel and hydrostatic (or water) pressure. 

Napalm (or fire). 

False. No attempt shall be made to disassemble fuzes, except in 
those special cases noted in the Safety Precautions section. 
Army-designed fuzes shall NEVER be disassembled for any reason. 


CHAPTER 5 


AMMUNITION 


. Bullet, propelling charge, primer, and cartridge case. 
. A bullet with a tapered base is said to be boattailed. 

. To ignite the propelling charge. 

. (1) Caliber; (2) Gage. 


Color. 
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6. 


wo 


10. 
11. 


2 


13, 
14. 


15. 


mw 


ow 


10. 


11. 
12. 


13. 
4. 
15. 


16. 
17. 


1 


Nate wh 


. To designate in what type weapon or weapons the lot may be fired. 

. Unserviceable. 

. Armor-piercing-incendiary. 

. Projectile, fuze, propelling charge, primer, and cartridge case. 

Small-arms ammunition includes only .60 caliber and smaller. 

(1) Keeps the projectile seated firmly in the gun bore. 

(2) Acts as a gas seal. 

(3) Causes the projectile to spin when fired. 

Percussion and electric. 

It contains no interrupter or other safety device. 

A fulminate of mercury detonator, a relay charge of lead azide, 
and a booster charge. 

Kind and type of projectile, caliber, and model designation. 


CHAPTER 6 


ROCKETS AND JATO 
Head. : 


. Black powder. 


100. 

False. Base fuzes should NEVER be removed. 
Mk 149 Mod 0. 

Gas pressure, inertia, and deceleration. 


. Subcaliber Aircraft Rocket. 


715, 


. (1) Ballistite. 


(2) 1,360. 

(1) Composition B. 

(2) Munroe. 

Magneto. 

Air. 

(1) Gray. 

(2) White. 

(1) Continuity. 

(2) No-voltage. 

None. 

Vertical with nozzle end up. 
A full-voltage or continuity test and a no-voltage test. 


CHAPTER 7 
PYROTECHNICS AND SMOKE SCREEN EQUIPMENT 


. Marking. 
Signaling. 
Illumination. 
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- 1,000,000. 

Night antisubmarine. 

. Night photography. 

Pyrotechnic Pistol AN-M8. 

(1) Smoke. 

(2) Light (or star). 

. Fluorescein. 

. 30 seconds. 

. False. 

. Aircraft Chemical Tank Mk 10. 
Airplane Smoke Tank AN-M33A1. 

. Mk 1 Mod 7. 

. FS (sulfur trioxide in chlorsulfonic acid). 

FM (titanium tetrachloride). 


CHAPTER 8 


MUNITIONS HANDLING EQUIPMENT 


. Vertical and horizontal lifting. 

Two. 

. Bomb and torpedo trucks. 

Allows a skid to be used for various types and sizes of loads. 

(1) Handles attachable at either end of the skid. (2) Parking 
brakes. 

(1) Portable bomb hoists. (2) “High-lift” trucks. 

. All the way up. 

. Take care that the cable terminal does not ride up onto the pulley. 

. Pulley trunnions or the swivel clevis. 

. Carries a much larger load. 
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APPENDIX Il ; 
QUALIFICATIONS FOR ADVANCEMENT IN RATING 
AVIATION ORDNANCEMEN (AO) 


RATING CODE NO. 6500 
General Service Rating 


Scope 


Aviation ordnancemen maintain, service, remove, repair, install, op- 
erate, and handle small arms and aviation ordnance equipment, in- 
cluding aircraft guns, turrets, powered gun mounts, rocket launchers, 
suspension and release mechanisms, and pyrotechnic, tow-target, and 
munitions handling equipment ; operate and perform routine servicing 
and checking of aviation gun, bomb, and rocket sights and aviation 
fire control equipment including that which is electronically con- 
trolled; stow, maintain, service, handle, install, and remove avia- 
tion munitions and pyrotechnics; maintain and operate a small arms 
range. 


Emergency Service Rating 


AVIATION ORDNANCEMEN U (Utility), Rating Code No. 6501_____ AOU 
Maintain, service, remove, repair, install, operate, and handle 
small arms and aviation ordnance equipment including air- 
craft guns, rocket launchers, and suspension and release 
mechanisms, pyrotechnic, tow-target, and munitions handling 
equipment ; operate and perform routine servicing and check- 
ing of aviation gun, bomb and rocket sights; stow, maintain, 
service, handle, install, and remove aviation munitions and 
pyrotechnics ; maintain and operate a small arms range. 

AVIATION ORDNANCEMEN T (Turrets), Rating Code No. 6502__.__ AOT 
Maintain, service, remove, repair, install, and operate air- 
craft turrets and powered gun mounts. 

AVIATION ORDNANCEMEN F (Fire Controlmen), Rating Code No. 

6503. - AOF 

Maintain, service, remove, install, and operate aircraft fire 
control equipment. 





Navy Job Classifications and Codes 


For specific Navy job classifications included within this rating and 
the applicable job codes, see Manual of Enlisted Navy Job Classifica- 
tions, NavPers 15105 (Revised), Codes AO-6800 to AO-6899. 
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Qualifications for Advancement in Rating 





Qualifications for adcancement in rating 


Applicable rates 


AO =AOU AOT AOF 





100 PRACTICAL FACTORS 
101 OPERATIONAL 


1. 


2. 


Preserve, depreserve, adjust, and install 





Operate aviation munitions handling 
equipment___-_-..--------------------- 





. Assemble, adjust, and install aviation 


ordnance fuzes, pyrotechnics, and muni- 
tions normally used in own activity - - --_ 


. Stow, handle, and load aviation muni- 


tions, pyrotechnics, and _aircraft-laid 
mines, observing local and general safety 
precautions___.____-_.---------------- 


. Install, remove, and perform preflight 


operational checks to gun cameras and 
their magazines in accordance with local 
instructions________-__-.------------- 


. Belt and calibrate aircraft gun ammuni- 


. Install, remove, adjust, and operate tow- 


target equipment________-_------------ 


. Operate electronic fire control equipment 


to determine proper functioning of ord- 
nance or armament components. -- ----- 


. Perform stray-voltage and circuit con- 


tinuity safety check on aircraft arma- 
ment circuits in accordance with current 
instructions 22 3.2-s25i5-525--22eeece2 


102 MAINTENANCE AND/OR REPAIR 


1. 


Demonstrate safe and proper use and 
maintenance of measuring instruments 
and hand and power tools used for avia- 
tion ordnance installation, maintenance, 
and Tepait..32 402525 lea 


. Use working drawings, blueprints, and 


wiring diagrams in servicing, repairing, 
assembling, and installing aviation ord- 
nance equipment___-__.--------------- 
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Quatifications for adrancement in rating 


Applicable rates 


AO AOU AOT AOF 





102 MAINTENANCE AND/OR REPAIR 


3. 


10. 


11. 


12. 


13. 


14. 


15. 


Select and demonstrate safe and proper 
use of all instruments furnished as gen- 
eral test equipment in own unit- 





. Inspect, clean, lubricate, preserve, adjust, 


and replace minor parts of aircraft sights__ 


. Inspect, clean, lubricate, adjust, and 


preserve aircraft turrets__.--.---------- 


. Inspect, clean, service, lubricate, adjust, 


preserve, depreserve, and perform auth- 
orized repairs to small arms, and aircraft 
Guns ss ocsc eos hese ee eee 


. Inspect, clean, lubricate, preserve, and 


perform authorized parts replacement, 
tests, and adjustments to aviation ord- 
nance handling equipment, except auto- 
motive equipment__......_._-_-------- 


. Boresight and aline aircraft sights, guns, 


and Pun: CAME... 8-3 a een ae. 


. Check, adjust, and/or aline aircraft bomb 


and rocket suspension and release equip- 





Inspect, clean, and lubricate aviation 
electronic fire control equipment---_-_---- 
Demonstrate safe and proper use of 
specialized ordnance test equipment-- --- 
Replace unserviceable parts, assemblies, 
or subassemblies; aline, test, and make 
required adjustments to aircraft turrets_- 
Adjust, preserve, and make minor parts 
replacements not requiring realinement 
to aviation electronic fire control equip- 


Prepare charts and design templates for 
use in boresighting aircraft armament---- 
Maintain and service aircraft gun am- 
munition linking and delinking equip- 
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Qualifications for advancement in rating 


| AQ AOU AOT AOF 


Applicable rates 





103. ADMINISTRATIVE AND/OR CLERICAL 


1. 


- pyrotechnics. 
. Use applicable publications and instruc- 


10. 


Maintain required inventory and per- 
formance records of aviation armament 
and ordnance equipment, munitions, and 





tions for the handling, stowage, issue, 
maintenance, and operation of aviation 
ordnance and armament equipment, 
munitions, and pyrotechnics ._...------ 


. Instruct in safety regulations and pre- 


cautions pertaining to small arms and 
aviation ordnance-.--...-------------- 


. Train and supervise personnel engaged 


in maintenance and repair of: 
a, Aircraft armament and aviation 





ordnance equipment; excluding fire | 


control equipment 
b, Aircraft turrets 





. Train and supervise personnel in proper | 


handling of aviation munitions and pyro- 
technlos: 2222222 fo8 22522 see cee cosse 


. Train and supervise personnel engaged in | 


maintenance of aviation fire control 


equipment3425 2 s.e 280s on sees ceeweu ses ! 
. Organize and administer facilities: for 


maintenance and repair of aviation ord- 


nance and armament equipment_-_-_.--- 
. Supervise the use, filing, and maintenance 


of publications, logs, and records and 


preparation of reports required by own 
activity! so2 2c * soe cb ! 
. Determine allowances; requisition, super- 


vise inventory of, and account for allowed 
materials in accordance with: current 
directives 2.2. S-5- 20 feck seat se elo 
Organize, instruct in, and conduct small 
arms firing practice.._.._-------------- 
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Qualifications for adeancement in rating 


AO 


Applicable rates 


AOU AOT 





200 EXAMINATION SUBJECTS 
201 OprRATIONAL 
1. Safety precautions for handling and stow- 
ing aviation munitions, pyrotechnics, and 
aircraft-laid mines__........----------- 
2. Safety precautions to be observed in the 
use of aviation munitions, pyrotechnics, 
and ordnance equipment_-__.._--------- 
3. Types, nomenclature of parts, and assem- 
blies of: 
. Small arms and aircraft guns_ 
. Aircraft turrets__ 
Aircraft sights. - 
. Aviation electronic fire control equip- 
ment-__ 
e. Fuzes__ 
4, Types, operation, and components of 
aviation ammunition, bombs, rockets, 
fuzes, pyrotechnics, and JATO_._------- 
5. Procedures, sources of information, and 
safety precautions for belting and cali- 








ase 


brating aircraft gun ammunition --_-_---.- | 
6. Operating principles and functions of | 
those components common to all aircraft | 


equipment in each of the following groups: 


a. Aircraft noncomputing sights- -- --- | 


b. Aircraft computing sights-_- 
ec. Bomb sights___- 
d. Bomb directors. = Aue 
7. Operating characteristics of electrical and 
hydraulic aircraft turrets_..--..-------- 
202 MaINTENANCE AND/OR REPAIR 
1. Proper use of measuring instruments and 
of hand and power tools common to rating 
2. Identify standard symbols found in elec- 
trical wiring diagrams of aviation ord- 
nance equipment__._..-.-------------- 
3. Tests requiring use of simple ohmmeter, 
ammeter, and voltmeter___------------ 
4, Determine values of voltage, current, and 
resistance in series and parallel resistor 
combinations-_-___..-.---------------- 

















rnwnw ow 


ww 





AOF 


: Applicable rates 
Qualifications for advancement in rating 
AO AOU AOT AQF 





202 MAINTENANCE AND/OR REPAIR 
5. Cleaning solutions, lubricants, and pre- 
servatives used in maintenance of aviation 


ordnance and armament equipment___-__ 3 3 3 3 
6. Procedures for determining and correcting 
malfunctions of aircraft guns_---------- 3 3 2 2 


7. Solve problems in: 
a. Square and cubic areas for storage 














and pressures 3 3 3 3 
b. Ratio and proportion for hy 

pneumatics, and electricity —__-__-_-- 3 3 3 3 

c. Graph reading for ballistics and 
boresighting_-_------------------ BD De AD: 

d. Substitution of known values in 
formulas. c2iscsc-sish seco see B82 2 2 

8. Procedures for adjusting and maintaining: 
a. Aircraft noncomputing sights -- - --- 3 3 3 3 
b. Aircraft computing sights_ zs Rie Fos 2 
c. Bomb sights eee Be RNa atrk Wi. 

9. Procedures, sources of information, and 

safety regulations for boresighting air- 
craft sights, guns, and gun cameras--__-_ QP O20 25. 2 





10. Procedures for localizing a defective com- 
ponent part in a circuit by means of 
measurement of voltage, resistance, and 
CUTTON ts 6522 oSecs scaeko seein seca tee B25 Fae 2 

11. Procedures for adjustment and mainte- 
nance of aircraft bomb and rocket suspen- 
sion and release equipment_-__.-.------ 212? oes 2. 

12. Procedures for adjustment and mainte- 
nance of aircraft turrets and powered gun 
MOUNt6 oY oe se FAA 2 eee ee Sos ose, BBC se 

13. Procedures and sources of information 
relative to the preparation of boresighting : 

oe 1° cb 2 





charts and templates_ Se 
14. Identification of standard electronic parts 

symbols used in schematic drawings- ---- Pee ees 2 
15. Procedures for adjusting and maintaining 

bomb directors__....------------------ Dee (oe 22 


16. Practical applications of the principles 
of internal and external ballistics to 
aviation ordnance_--..-.-------------- c c c Cc 








Qualifications for advancement in rating 


Applicable rates 


AQ =AOU AOT AOF 





203 ADMINISTRATIVE AND/OR CLERICAL 


1. 


Purposes and types of entries made in 
maintenance and inventory records kept 
for aviation ordnance and armament 
equipment, aviation munitions, and pyro- 
technicss--sso5 se See eo Slee eee 


. Safety regulations and precautions per- 


taining to small arms and aviation ord- 
nance and armament equipment________ 


. Types of information found in each of the 


following publications: OP, OD, OCL, 
OHI, OML, ORDALTS, NavAer Publi- 
cations Index, Aircraft Armament 
Changes, and Aircraft Armament Bulletins. 


. Use of applicable allowance lists, OP’s, 


parts catalogs, and forms in the requisi- 
tioning, salvage, and survey of aviation 
ordnance materials___.__..------------ 


. Procedures and regulations for conducting 


small arms firing practice__------/----- 





3 3 3 3 
2 2 2 2 
2 2 2 2 
Cc cc 
Cc a Ts, 





321 








IND 


Acetylene, 268 
Acoustic mine, 76 
Adapter booster, 42 
Adapters, bomb skid, 288, 290 
Adapters for Bomb Skid Mk 1, 
290 
Aero 8B Bomb Skid Adapter, 293- 
204 
Aero 9B Bomb Skid Adapter, 294 
Air Force arming wires, 87 
Air travel, 88, 105-106 
Airborne munitions, 1, 224 
Airborne rocket, 175 
Aircraft Armament Bulletins, 14 
Aircraft Armament Changes, 14 
Aircraft bomb fuzes, 83 
Aircraft bombs, 40 
Aircraft carriers, 6-7 
Aircraft chemical spraying, 271 
Aircraft chemical tanks, 276-279 
ME 10, 277-279 
Aircraft depth bomb, 51 
Aircraft emergency identification 
signals, 246-248 
Aircraft float light Mk 6 Mod 2, 
263-265 
Aircraft mines, 74-78 
service, descriptions of, 78-80 
Aircraft parachute flare, 226-238 
AN-MK 8 Mods 1 and 2, 236-238 
MK 4 and Mods, 227-230 
Mk 5 and Mods, 230-234 
Mk 6 and Mods, 234-236 
Aircraft Pyrotechnics and Acces- 
sories, 256, 257 
Aircraft rocket (s) 
antitank, 198 
HE, head, 197-198 
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EX 


Aircraft rocket (s)—Continued 
safety precautions, 212-213 
subcaliber, 192-194 

Aircraft signal cartridges, 241-— 
244 

Airplane Smoke Tank AN-M33A1, 
279-281 

Alemite grease gun, 290 

Allowance lists, 20-21 

All-purpose Chemical Bomb AN- 
M47A2, 60-61 

Amutol, 36 

Ammunition 
belting, 159-167 

Link-Delinking Machine, Cal. 
50, M7, 159-161 
operation of Link Loading 
Machine M16, 163-167 
20-mm Link Loading Machine 
M16, 161-163 
eal. 50, 145-146 
care and handling, 149-151, 158 
classification of, 156-157 
firing, precautions in, 151-152 
identification, 157-158 
rocket, complete rounds of, 192- 
201 
service, painting and marking, 
202 
small-arms, 133-142 
caliber, 135-136 
cartridge cases, manufacture 
of, 140-142 
classification of, 186-137 
defects of, 150 
gage, 136 
identification, 137-140 
special, 167-170 


Ammunition—Continued 
special—Continued 


cartridges for use in the 
Douglas Bomb _ Ejector, 
167-168 ~. 


Personnel Ejection Catapult 
Cartridge Mk 1 Mod 0, 
168-170 

storage of, 150 

symbols in grading, 140 

20-mm, 153-156 
Ammunition Ashore, 80 
Amununition boxes, 149 
Ammunition grades, 139-140 
Ammunition lot number, 139 
Ammunition rounds, description 

of 

eal. .50 ammunition, 145-146 

caliber .30, new developments 

in, 143-145 

cartridge, armor-piercing, cal. 
50, M2, 147 
cartridge, armor-piercing-incen- 
diary 

eal. .50, M8, 147 

eal. 50, T49, 147 

tracer, cal. 50, M20 (T28), 
148 

cartridge, ball, 

eal, 50, M2, 148 

eal. .45, M1911, 145 

cal. 30, M2, 143 

cal. .22, long rifie, 142 

carbine, cal. .30, M1, 142-143 

eartridge, incendiary, cal. .50, 

M23 (T48), 148 

Ammunition stock recording sys- 
tem, 22-24 

Antiwithdrawal device, action of, 
115, 117, 118 

Armament equipment, 1, 8 

Armament Manuals, 13 

Arming pin, 62, 86 

Arming system, 90 

Arming vane, 89 
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Arming wire, 86-87 
Armor-piercing bombs, 48-51 
Army-designed tail fuzes, 85 
Auxiliary equipment, 1 
Aviation Circular Letters, 14 
Aviation ordnance, 1-25 
administration, 8-9 
allowance lists, 20-21 
ammunition stock ~ recording 
system, 22-24 
equipment 
classification of, 19-20 
procurement and distribution 
of, 16-19 
material, classification of. 19- 
20 
ordnance organization, 2-7 
publications, 9-16 
requisition forms, 21 
safety precautions, 7-8 
Aviation Ordnancemen 
duties of, 2 
responsibilities of, 81 


Ballistite propellants, 31 
Bands and slings, hoisting, 300- 
302 
Base Fuze Mk 127 Mod O, 192 
Battery check, 209 
Bazooka, 173 
Black powder propellants, 28-29 
Bomb and torpedo skids, 287-294 
Aero 12B, 293-294 
MK 8, 292 
Mk 5 Mod 1, 291 
Mk 1 Mod 1, 289-290 
Mk 3, 291 
Bomb and torpedo trucks, 303-304 
Mk 5 Mod 2, 304 
Mk 3, 303-304 
Mk 2 Mod 2, 303 
Bomb Carriers, 284-287 
Mk 4, 285-286 
MK 9, 287 
Mk 7 and Mk 8, 287 


e 


Bomb Carriers—Continued 
Mk 6, 286 
ME 3 Mod 1, 285 
Bomb ejector, 167 
Bomb fuze arming, methods of, 86 
Bomb Fuzes, 88, 93, 121, 128 
Bomb fuzes, 83-132 
aircraft, 83 
M154 and M157, 128-130 
nose fuzes, 88-107 
safety precautions, 130-131 
tail fuzes, 107-130 
Bomb hoists, portable, 294-300 
Aero 114, electric, 299-300 
Aero 13B, 298-299 
Mk 8, 294-205 
Mk 8, operation of, 295-298 
Bomb nose fuze, 88-102 
AN-M103A1, 88-93 
AN-M120A1, 101-102 
AN-M139A1, 93 
AN-M158, 100 
AN-M159, 101 
AN-140A1, 93 
AN-ME 243 Mod 0, 94-95 
M170, 102 
(mechanical time) 
98-100 
(mechanical time) AN-M146, 
95-98 
Bomb nose fuzes M163, M164, and 
M165, 94 
Romb service truck 
Mk 2, 307-308 
Mk 2 Mod 1, 308 
Bomb signal 
miniature practice 
AN-MKk 4 and Mods, 252 
(fluorescein) AN-Mk 5, 255 
Mk 6, practice, 255-257 
Mk 7, practice, 257-258 
Bomb Tail Fuze AN-Mk 228, 120— 
121 
Bomb tail fuzes 


AN-M145, 
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Bomb tail fuzes—Continued 
AN-M100A2, AN-M101A2, and 
AN-M102A2, 107-111 
M115, M116, and M117, 111- 
114 
M160, M161, and M162, 111 
Bomb Tail Hydrostatic Fuze AN-- 
Mk 230 Mods 4, 5, and 6, 124- 
128 
Bomb tail long-delay fuzes 
AN-M123A1, AN-M124A1, and 
AN-M125A1, 114-118 
M132, M133, and M134, 118- 
119 : 
Bomb trailers, 304-306 
Mk 2 and Mods, 305 
Mk 3, 305-306 
Bombs, 40-81 
armor-piercing, 48-51 
1,000-pound AN-Mk 33, 49- 
50 
1,600-pound AN-Mk 1, 50-51 
chemical, 59-60 
painting and markings code 
used to distinguish, 60 
depth, 51-53 
350-pound Depth Bomb AN- 
Mk 54 Mod 1, 52-53 
fire, napalm-filled, 67-68 
fragmentation, 53-59 
4-pound AN-M83, 54-56 
20-pound AN-M41A1, 56-57 
23-pound AN-M40A1, 57-58 
260-pound AN-M81, 58 
220-pound AN-M88, 59 
general-purpose, 42-46 
500-pound AN-M64A1, 44-45 
100-pound AN-M30A1, 44 
250-pound AN-M57A1, 44 
1,000-pound AN-M65A1, 45. 
2,000-pound AN-M66A1, 46 
incendiary, 64-67 
500-pound AN-M76, 67 
4-pound AN-M50A2 and AN- 
M50XA2, 64-65 


Bombs—Continued 
incendiary—Continued 
6-pound AN-M69 and AN- 
MG69X, 65-67 
internal components of, 41 
painting and marking, 72 
practice, 68-71 
drill, 71 
miniature, 69-70, 74 
water and sand filled, 71 
pyrotechnic, 238-241 
photoflash, 238-241 
safety precautions for, 71-74 
semi-armor-piercing, 46-48 
500-pound AN-M58A2, 47 
1,000-pound AN-M59A1, 47- 
48 
smoke, 60-62 
all-purpose Chemical Bomb 
AN-M47A2, 60-61 
50-pound Floating Smoke 
Bomb MK 1 Mod 1 and Mk 
1 Mod 2, 61-62 
100-pound Floating ‘Smoke 
Bomb Mk 3 Mod 0, 61 
10-pound HC Smoke Bomb 
M77, 62 
war-gas filled, 63 
500-pound Chemical Bomb 
AN-M78, 63 
115-pound Chemical Bomb 
M70, 63 
1,000-pound Chemical Bomb 
AN-M79, 63 
Booster 
adapter, 42 
auxiliary, 41 
use of, 32 
Bourrelet, 153 
Brake, cam-locking, 292 
Brakes 
adjusting, 293 
Warner electric, 305 
Brisance, definition of, 33 
Bullets, 134 
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Bureau of Aeronautics Allowance 
List, 20-21 

Bureau of Aeronautics publica- 
tions, 12-14 

Bureau of Naval Personnel publi- 
cations, 14-16 

Bureau of Ordnance Allowance 
Lists, 20 

Bureau of Ordnance Manual, 7, 8, 
10, 133 

Bureau of Ordnance publications, 
9-12 

Butterfly bomb, 54-55 


Caliber, 135-136 
50 ammunition, 145-146 
.30, new developments in, 143— 
145 
Carriers, bomb, 284-287 
Cartridge 
incendiary, cal. .50, M23 (T48), 
148 
slick marker, AN-ME 1, 259-260 
Cartridge, armor-piercing 
eal. 50, M2, 147 
incendiary, cal, 50, M8, 147 
incendiary, cal. .50, T49, 147 
incendiary-tracer, cal.  .50, 
M20 (T28), 148 
Cartridge, ball 
eal. 50, M2, 148 
cal. .45, M1911, 145 
cal. 30, M2, 143 
cal. .22, long rifle, 142 
carbine, eal. .30, M1, 142-143 
Cartridge cases, 135 
manufacture of, 140-142 
Cartridge loading precautions, 
166 2 
Cartridge Mk 1 Mod 0, Personnel 
Ejection Catapult, 168-170 
Cartridges 
aircraft signal, 241-244 
defective, 150 
handling, 149 


Cartridges—Continued 
identification of, 138 
use in the Douglas 

Ejector, 167-168 

Caster locks, 291 

Catalog of Navy Material, 19 

Chain hoist, 308 

Chemical agents, storage and 
safety precautions, 281-283 

Chemical bombs, 59-60 

Chemical filling equipment Mk 1 
type, 275-276 

Circuit continuity tester 680A, 
209 

Clamp screw, 295 

Clock delay mechanism, 77 

Cluster adapter, 53-54 

Compositions of RDX, 37 

Connector, electrical, 183 

Cook-off, 152 

Cotter pin, 248 

Cranes and fork trucks, 306-307 


Bomb 


Day Depth Charge Marker Mk 1. 


Mod 3, 265-267 
Delay fuzes, 84 
Delay selecting system, 91 
Depth bombs, 51-53 
Depth charge marker 

Mk 1 Mod 3, day, 265-267 

MK 2, night, 267-269 
Detonating fuzes, 83 
Detonating substances, 31-33 

lead azide, 33 

mercury, fulminate of, 32-33 
Detonation, rate of, 26-27 
Detonators, 80 

primer, 86 

color marking, 110 

Disks, fiber, 180 
Distress signals, 248 
Dive bombing practice, 255 
Douglas Bomb Ejector, cartridges 

for use in the, 167-168 
Drawbar, 304 








Drift signals, 224, 263 
Drifting mines, 75 
Drill bombs, 71 

Dye, fluorescein, 255 


Equipment 
classification of, 19-20 


miscellaneous handling, 306- 
309 
Bomb Service Truck Mk 2, 
307-308 


Bomb Service Truck Mk 2 
Mod 1, 308 
cranes and fork trucks, 306- 
307 
floodlight trailer, 308-309 
munitions, handling, 284-321 
bomb and torpedo skids, 287— 
294 : 
bomb and torpedo trucks, 
303-304 
homb carriers, 284-287 
bomb trailers, 304-306 
hoisting bands and slings, 
300-302 
miscellaneous handling, 306- 
309 
portable bomb hoists, 294-300 
procurement and distribution 
of, 16-19 
pyrotechnics and smoke screen, 
224-283 
smoke screen, 271-281 
Explosion, description of, 26-27 
Explosive bombs, classification of, 
42 


Explosive D (ammonium pic- 
rate), 35 

Explosive train, 92 

Explosives 


detonating substances, 31-33 

high explosives, 33-38 

precautions in, 158 © 

propellants (low explosives), 
28-31 
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Extender mechanism, 77 


Fahnestock clip, 206, 239 

FASRon, 4-5 

50-pound Floating Smoke Bombs 
Mk 1 and Mods, 61-62 

Fins, rocket, 184 

Fire bombs, napalm-filled, 67-68 

Firing mechanism, tail fuze, 113 
grenade, 266 

Firing system, nose fuze, 91 

First-fire composition, pyrotech- 
nic, 225 

500-pound Chemical Bomb AN- 
M78, 63 

500-pound GP Bomb AN-M64,1, 
44-45 

500-pound Incendiary Bomb AN- 
M76, 67 

500-pound SAP Bomb AN-M58A2, 
47 

Flare heads, 178 

Flares, 270-271 
aircraft parachute, 226-227 

Flash powder, 241 

Fleet Aircraft Service Squadron, 
45 

Flight Handbooks, 12 

Float lights, 224 

Floating smoke bombs, 61 

Floodlight trailer, 308-309 

Fluorescein dye, 255 

Fork truck, electric telescopic, 307 

4-pound Fragmentation Bomb 
AN-M83, 54-56 

4-pound Incendiary Bomb AN- 
M50A2 and AN-M50X A2, 64-65 

Fragmentation bombs, 53-59 

Friction igniter, 225 

Fuel seat liner, 41 

Fulminate of mercury, 32-33 

Fuze mechanism, 232 

Fuzes, 153, 211 
antiremoval, 131 
armed or partially armed, 121 





Fuzes—Continued 
bomb, 83-132 
classification of, 83-84 
interrelated systems of, 90 
nose, 88-107 
operation of, 100° 
proximity (VT), 102-107 
safety precautions, 130-131 
tail, 107-130 
army-designed, 85 
Navy, 85 
types of, 84 
VT, basic types, 103-104 
VT, precautions and instruc- 
tions in handling, 106 
Fuzes Mk 163 Mods 0 and 1, 189 
Fuzes used with rockets, 185-189 


Gage, 136 

Gas-filled bombs, 63 

Grenade firing mechanism, 266 
Grid, 182 

Ground mines, 76 

Gunnery officer, duties of, 3-4 


Hangfire, 151-152 
HBX, 38 
Heat heads, use of, 180 
Hexagonal case, 62 
High explosives, 33-38 

amatol, 36 

explosive D, 35 

HBX, 38 

PETN, 36 

picratol, 35 

RDX, 36-37 

tetryl, 35 

tetrytol, 36 

TNT, 34 

torpex, 38 
Hoist, subassemblies of, 294 
Hoist assembly, 299 
HVAR motor, 196 
Hydraulic jacks, 304 
Hydraulic pump, 303 
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Hydrostatic fuzes, 84 


Ice shield, 280 

Igniter, rocket motor, 180 
pull-type, 263 

Ignition fuzes, 84 

Ignition wire, 229 

Impeller, nose fuze, 186 

Incendiary bombs, 64-07 

Index of Ordnance Publications, 

10 
Inhibitors, rocket motor, 182 


JATO, 215-222 
loading, 217-220 
safety precautions, 221-222 
stowage and handling, 220-221 
JATO, definition of, 174 
JATO firing circuit tester, 
lustrated, 219 
JATO igniters, 220 
JATO switches, 218 


il- 


Lamb Electric Company, 299 

Lead azide, 33 

Lewisite, 272 

Link-Delinking Machine, cal. .50. 
M7, 159-161 

Link Loading Machine M16! op- 
peration of, 163-167 

Linker, characteristics of, 163 

Linking operations, 166 

* Load binders, 305 
Loading precautions, 213-214 
Lug bands, 184 


Magazine cards, 22-24 
Magazine crane truck, 306 
Magneto firing device, 200 
Maintenance Manuals, 12 
Marker, 265 

slick, AN-M59, 258 
Material, classification of, 19-20 
Mechanical arming, 97 
Mechanical time fuzes, 84 
Mercury, fulminate of, 32-33 
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“Mighty Mouse”, 201 
Mine and accessories, cutaway 
view of, 77 

Mines 
aircraft, 74-78 
classification ef, 75-76 
readying and loading of, 80-82 
safety precautions for, 80 
service aircraft, 78-80 

Miniature practice bombs, 69-70. 
74 

Misfire, cause of, 151 

Moored mines, 75 

Munitions handling equipment, 
284-321 

Mustard, 272 


Napalm-filled fire bombs, 67-68 

Naral Aeronautic Publications 
Index, 12-14 

Naval air station, 5 

NavOrd Directives, 11 

NavOrd Form 148A, 18 

NavOrd Instructions, 11 

NavOrd Notices, 12 

Navy tail fuzes, 85 

Navy Training Courses, 14-16 

Neoprene “O” ring gasket, 128 

Night Depth Charge Marker Mk 
2, 267-269 

Nose Fuze Mk 149 Mod O, 186-188 

Nose Fuze Mk 155 Mod 0, 188 

Nose fuzes, 88-107 

Nozzle, rocket motor, 183 


100-pound Floating Smoke Bomb 
Mk 3 Mod 0, 61 

100-pound GP Bomb AN-M30A1, 
44 

115-pound Chemical Bomb M70, 
63 

1,000-pound AP Bomb AN-MK 33, 
49-50 

1,000-pound Chemical Bomb AN- 
M79, 63 


1,000-pound GP Bomb AN-M65A1, 
45 
1,000-pound SAP 
M59A1, 47-48 
1,600-pound AP Bomb AN-Mk 1, 
50-51 
Ogive, projectile, 153 
Ordnance equipment, 8 
Ordnance organization, 2-7 
aircraft carriers and seaplane 
tenders, 6-7 
FASRon, 4-5 
naval air station, 5 
squadron, 3-4 
Ordnance Pamphlets, 10 


Bomb . AN- 


Pad, felt, 180 
Painting and marking of bombs, 
72, 202 
Papier-mache, 258 
Parachute, 229, 234, 236 
Parachute flares, 226-238. 
also Pyrotechnics. 
Personnel Ejection Catapult Car- 
tridge Mk 1 Mod 0, 168-170 
PETN, 36 
Phosphine gas, 268 
Photoflash Bomb AN-M46, 238- 
241 
Picratol, 35 
Pistol, AN-M8, Pyrotechnic, 244— 
246 
Portable bomb hoists, 294-300 
Practice bomb signals, 252-258 
Practice bombs, 68-71 
Practice heads, 179 
Pressure mine, 76 
Primer detonator, 86 
Primers, 135 
types of, 156 
use of, 31-32 
Priming charge, 2zo 
Projectile, 153 
main parts, illustrated, 154 


See 
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Propellant grain, rocket motor. 
182 
Propellants, small-arms, 135 
Propellants (low explosives), 28- 
31 
ballistite, 31 
black powder, 28-29 
smokeless powder, 29-31 
SPCG, 31 
Proximity fuzes, 84 
Proximity (VT) fuzes, 102-107 
Publications 
Bureau of Aeronautics, 12-14 
Bureau of Naval Personnel, 14- 
16 
Bureau of Ordnance, 9-12 
Pulley 
cocked, 297 
trunnions, 295 
PWP, definition of, 61 
Pyrotechnic compositions, stand- 
ard, 225 
Pyrotechnic munitions, 226 
Pyrotechnic Pistol AN-MS8, 244— 
246 
Pyrotechnics, 224-226 
equipment, 224-271 
bombs, 238-241 
illuminating, 226-238 
marking, 258-269 
safety precautions, 269-271 
signaling—identification sig- 
nals, 241-252 
signals, practice bomb, 252 





258 

illuminating, 226-238 

Aircraft Parachute Flare 
AN-Mk 8 Mods 1 and 2, 
236-238 

Aircraft Parachute Flare 


Mk 5 and Mods, 230-234 
Aircraft Parachute Flare 

ME 4 and Mods, 227-230 
Aircraft Parachute Flare 

Mk 6 and Mods, 284-236 


Pyrotechnics—Continued 
illuminating—Continued 
aircraft parachute 

226-227 
marking, 258 
safety precautions for, 269-271 
signaling, 241-252 
aircraft emergency identifica- 
tion, 246-248 
aircraft signal 
241-244 
AN-M75, 251 
AN-MK 1 Mod 1, 250-251 
distress, 248 
ME 13, 248-250 
Pistol AN-M8, 244-246 


flares, 


cartridges, 


295, 


Quickmateh in pyrotechnics, 


RDX (cyclonite), 36-37 
Readying and loading of mines, 
80-82 
Requisition forms, standardized, 
21-22 
Rocket components, 176 
base fuzes, 189-192 
fins, 184-185 
fuzes, 185-189 
heads, 176-180 
lug bands, 184 
motors, 180-183 
Rocket developments, air-to-air, 
201-202 
Rocket fiare head, 195 
Rocket fuzes, safety precautions 
of, 211-214 
Rocket head(s) 
practice, 196 
smoke, 194 
solid, 194 
types of, 178 
Rocket launcher firing circuit 
tester, 207 
Rocket motor 
component parts of, 180-183. 
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Rocket motor—Continued 
forces acting in, 173 
Rocket terminology, 175-176 
Rockets 
aircraft, 174-176 
ammunition, complete rounds, 
192-201 
assembly and loading, 203-211 
components, 176-192 


developments, air-to-air, 201- 
202 : 

general-purpose, 195 

military, 174 

painting and marking, 202 

safety precautions, general, 


211-215 
training, subcaliber, 192 
Rockets and JATO, 172-223 


Safety precautions 
for bombs, 71-74 
for handling fuzes, 130-131 
for mines, 80 
for pyrotechnics, 269-271 
general, 211-214 
SCAR adapters, 206 
Seaplane tenders, 6-7 
Semi-armor-piercing bombs, 46-48 
Service aircraft mines, descrip- 
tions of, 78-80 
Shear pins, 308 
Shipping cap 
front, 180 
rear, 183 
Shotgun, gage of, 136 
Shutter, fuze, 187, 190, 191 
Signal (s) 
distress, 248-252 
drift, night, AN-Mk 
Mods, 260-263 
practice bomb, 252-258 
6-pound Incendiary Bomb AN- 
M69 and AN-M69X, 65-67 
Skid(s) 
bomb and torpedo, 287-294 


5 and 


Skid (s) Continued 
cradle-type, 291 
wheelbarrow-type, 289, 292 

Slings, hoisting, 302 

Small-arms ammunition, 133-142 

Smoke bombs, 60-62 

Smoke heads, 178 

Smoke mixtures, 273-275 

Smoke screen equipment, 271-281 

Smoke tank, airplane, 279-281 

Smokeless powder propellants, 
29-31 x 

Solenoid coil, bomb hoist, 300 

SPCG propellants, 31 

SPEN, lighting unit, 308 

Squadron, 3-4 

Storage and safety precautions 
for chemical agents, 281-283 

Sulfur trioxide in chlorsulfonic 
acid (FS), 278-275 

Supply and Accounts Forms, 21- 
22 

Switch, pushbutton, 300 

Swivel clevis, 295 


Tail fuzes, 107-130 

Tanks, aircraft chemical, 276-277 

Technical Notes, 18 

10-pound HC Smoke Bomb M77. 
62 

Tetryl, 35 

Tetryl booster, 120 

Tetrytol, 36 

Time arming, 97 

“Tiny Tim”, 199 

Titanium tetrachloride 
274-275 

TNT (trinitrotoluol or trinitro- 
toluene), 34 

Toggle switch, 219 

Torpedo Hoisting Band Mk 1 
Mod 2, 300-301 

Torpedo skids, 287-294 

Torpedo trucks, 303-304 

Torpex, 38 


(FM). 





Tow handle, loop-type, 291 

Trailer, floodlight, 308-309 

Trailers, bomb, 304-306 

Trucks 
bomb and torpedo, 303-304 
cranes and fork, 306-307 

Tube, discharge, 277 

20-mm ammunition 
components of, 153-156 
painting and markings, 157-158 

20-mm Link Loading Machine 
M16, 161-163 

20-pound Fragmentation Bomb 
AN-M41A1, 56-57 

23-pound Fragmentation Bomb 
AN-M40A1, 57-58 

250-pound GP Bomb AN-M57A1, 
44 

2.25-inch — subealiber 
rocket, illustrated, 193 

220-pound Fragmentation Bomb 
AN-M88, 59 

260-pound Fragmentation Bomb 
AN-M81, 58 

2.000-pound GP Bomb AN-M66A1, 
46 


aircraft 


Universal Hoisting Band Mk 8, 
301-302 


Vanes, arming, 86 

Venturi tube, 173 

Vertical fall, 88 

Vesicants, persistent, 272-273 

VT fuzes 
basic types, 103-104 
precautions and instructions in 

handling, 106 

VT Nose Fuze Mk 172 Mod 0, 1S8— 

189 


War-gas filled bombs, 63 
Warner electric brakes, 305 
Winch, 308 

Windshield, purpose, 199 
Wire, ignition, 229 
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